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This appendix contains the sampling and analysis plans for  ork conducted i n  .i 
the West Spray Field Area. T h e  plans are  presented in the following 
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1.0 INTRODUCTION 

This sampling plan has been designed to a chemical 
characterization of the groundwater f the solar 
ponds at the interceptor trench, the Pond 207B- 
North, and s o i l s  at the West Spray oil samples 
will be collected and analyzed suite of 
parameters that will provide the 
requirements may be necessary f o r  

2 . 0 BACKGROUND 

The solar evaporation ponds (see Figure 1) were cons ructed pri- 
marily to store and treat (by evaporation) l o w  level radioactive 
process wastes. During the history of pond leakage 
has been observed. To minimize pond leakage 
North Walnut Creek drainage, a series 
interceptor trenches were constructed. 
system intercept groundwater and return t h e  water to I 

North. 

The intercepted groundwater contains tritium, a 
substance, and slightly elevated concentrations of aly 

radioactivity. The major chemical constituent is 
concentrations ranging from 500 to 800 mg/l. Additi 
s a n ? l e s  that were collected to meet a n  NPDES'disch 
requirement were found to have trace concentrations 
of chloroform and trichloroethylene. 
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e From 1977 through October 1985, the contents of Pon 
were used for spray irrigation at the West Spray 
water was applied west of the facility through an i 

irrigation system on two fields each approximately 
in size. Hydraulic loading was based on nitrate c( 
and the assimilative capacity of the soil/vegetatio 
nitrate. This information was included in the Rock1 
"Radioactive Mixed Waste" Part B Permit applicatic 
submitted to the U.S. Environmental Protection Agen 
on November 8, 1985. It was indicated in the 
additional data would be collected to evaluate th 
Field before making a determination whether or not ! 

tion c o u l d  constitute land application of a "Radio 
Waste". 

On November 12, 1985, the Rocky Flats Plant Area C 

Department of Energy responded to the U.S. EPA : 
requested information regarding active and inactive 
units. Irrigation in the West Spray Field was i 
possible land application of "Radioactive Mixed W (  
was stated that a time extension was needed to condu 
sampling and analysis before any closure decision c 

The U.S. EPA agreed in a November 2 5 ,  1985 resF 
Subsequently, planning meetings were held with th 
December 2, and December 19, 1985. This sampling : 
the details for sampling the groundwater from the 
trench, water from Solar Pond 2073 North, and sol: 
Spray Field. 
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3 . 0  SAMPLING PLAN 

3.1 Analysis Rationale 

Because the wastes contained in the pond have not thoroughly 
characterized to date, i t  is proposed that the of the 
pond, interceptor trench, and soils at the 
analyzed for the Hazardous Substance 
C E R C L A ,  Sections 101 (14) and 104 (a) (2) 
Appendix A of this sampling plan. EPA 
methods exist for their measurement in 
the solar pond w a s t e  is also 
analyzed for plutonium 239, americium 2 4 1 ,  tritium, 
234 and 238, and gross alpha and gross beta using 
300 methodologies which are acceptable to EPA. Est: 
tion limits for selected radiological analyses are a 
in Appendix A. 

0 Another purpose for sampling is to establish whether 
of Solar Pond 207B-North are characteristic of a 
mixed waste. To achieve this the pond waste charact 
b e  c o m p a r e d  t o  t h e  h a z a r d o u s  and r a d i o a c  
characteristics criteria listed b e l o w :  

1. 

2. 

3.  

Exhibits characteristics of a haza: 
identified in Subpart C ( 4 0  C F R  2 6 1 . 3  (a) 

I t  is a mixture of a solid waste and a h a  

listed in S u b p a ~ t  D (40 C F R  2 6 1 . 3  ( a )  

(iv) 1 

It poses a potential hazard to human h 
environment ( 4 0  C F R  261.1 (b)). 

iranium 233, 
ne EML H A S L  
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the contents 
radioactive 
riscics will 
i v e  w a s t e  
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4 .  It contains radio ctive constituents inc U 

americium, plutonium, and uranium. 

In order to provide sufficient analytical inf 
preliminarily determine if the pond contents arc 
mixed wastes, by criteria 1, it will be necessary t 
Subpart C characteristic testing (ignitability, 
reactivity, and EP toxicity). Classification 0 .  

hazardous by criteria 2 is generally made through pr 
of co-disposal with a Subpart D listed waste. R e c ~  
disposed at the solar pond are incomplete regardi 
waste components; and, therefore, a RCRA classific 
solar pond contents cannot be made based on crit 
s i m p l e  presence of 4 0  C F R  2 6 1  Appendix VI1 c 

(constituents present in the Subpart D listed wa 

solar ponds is also inadequate information to detc 
solar pond contents are hazardous by criteria 2. a 
As for criteria 3, the presence of 4 0  CFR 261 A 

constituents in a waste is a factor the EPA would I 

formal listing of a particular waste stream as a R 

waste (Appendix VI1 is a subset o f  Appendix VIII). 
not developed no approved analytical methodologie 
the Appendix VI11 constituents. Furthermore, in 
characterization program it is only necessary to an 
stream for Appendix VI11 constitaents that are 
present. 

Therefore, measurement of the h3zardous substances 
to address criteria 3. The HSL contains many of 
VI11 constituents and all of tne prlority pollutan 
are EPA approved methodologies fsr their analysis. 
characteristics will be addresse? 5 y  analysis for An 
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3 . 2  Location of Sampling Points 

3.2.1 Water - Pond 207B-North 

Three water samples will be collected at the I 

207B-North. Grab samples will be taken at thr 
corners of the pond. Grab sampling was select 
the loss of trace volatile organic compounds tt 
during composite sampling. 

3.2.2 Interceptor Trench Pump House 

Three grab samples of the interceptor trench 
collected from a location upstream of the collc 

3.2.3 Soils - West Spray Field 

A s  shown in Figure 2, water from Solar Pond : 
been spray irrigated in the past over an area, 
1200' x 2000' on tne west side of the plant. 
hiah application is the focus of this prelim] 
effort because it is expected to provide worst 
tion on soil in the West Spray Field. The hi( 
area is a 2.8 acre circular zone in the Wes 
Water was irrigated using a water cannon with 
radius of 200 feet. 

Because of the lack of available data on tt 
absence of contamination in the West Spray are 
objective in sampling will be to deter 
concentration levels in the high application a 
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A s  shown in Figure 3, sample locations within 
spray area were identified by enclosing the a 
hypothetical 4 0 0  ft x 400 ft square subdivil 

circular spray area, six soil samples will also 
from a 200 ft x 400 f t  non-irrigated area. These 
consist of three composite surface (0- 6") samples 
composite subsurface (6-12") samples and will 
northwest of the spray field along the facility 
boundary (see Figure 4 ) .  This area is generally 
(prevailing winds are from the west-northwest) 
miles from the spray area. A s  described for 
spray area, a grid system will be established 
numbers will be used to deternine the 18 sample 
the grid. A particle size analysis ( A S T N  D 4 2 2 - 6 3 )  

used for all samples to verify i f  the non-irrigated 

the circular 
:ea within a 
led into 100 

be collected 
samples will 

and three 
be collected 

western 
upwind 

and over 0.5 
the circular 
and random 
locations on 

will be 
soil type 

squares each 4 0  ft x 4 0  ft. The squares were n mbered and a 
random number generator used to identify 18 sq ares within 
the circular area for sampling. At the center o each of the 
18 squares, a surface core (0-6") and subsurface core (6-12") 
will be collected. The 18 surface and 18 subs rface cores 
will then be randomly composited to produce 3 composite 
surface soil samples and 3 composite subsurface soil samples 
for subsequent analysis. Soil sample collectio points will 
be located with a field compass and tape measure using the 
center of the circular spray area as  a referenc point. The I 
sample collection points will be staked for reference. 

Consistent with the method described the 
I 

3 
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3 . 3  SAMPLING METHODOLOGY 

This section presents a discussion of the samplinc 
Information is included on analytical requirement 
type, preservation, field measurements, and holding 
analyses requested. 

3.3.1 Sampling Procedure - Pond 207B-North Wat 

Surface Water - Grab samples will be collect€ 
corners of the pond. Samples will be c 
immersing the sample container under the .surface 
until it is filled to the proper level as descri 

Volatile Organic Analysis - Vials shou: 
completely s o  that a meniscus is visible 
the vial. The Teflon cap is slowly p: 
meniscus taking care not to force air int 
Screw the cap on the vial tightly and inv 
Tap lightly on the vial and observe whet1 
any air bubbles trapped inside the vial. I 
are observed, remove the cap and resam 
bubbles are visible inside the vial when it 

Remaining Analyses - Sample containers nee 
pletely filled for these analyses. Fill 
shoulder level to allow sufficient ullage 
tation. 

11 
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Field measurement of pH, conductivity and tempera 
performed on samples of the water from each loca 
207B-North. A beaker or sample jar will be imi 
sample withdrawn for the measurement of these par 
and conductivity will be measured by convent! 
conductivity meters calibrated prior to sampling 
solutions will be available at the sampling si 
check calibration before analysis. Temperat 
measured using a partial immersion thermometer c 
0.lOC or 0.20F with a range of 0-5OOC. The theri 
b e  accurate to kO.lOC a s  checked against 2 

Standards calibrated thermometer. pH, conduc 
temperature readings will be recorded after eqi 
measurements is achieved. 

/ 

Table 3.1 summarizes the analyses to be perforr 
and types of containers, preservation and holdin 
analytical methodology for water samples coll 
pond. 

3.3.2 Interceptor Trench Pump House Liquids 

The Interceptor Trench Pump House liquids wil: 
using the grab sampling approach. Samples will 

simply by immersing the sample container in tl 
still well until it is filled to the proper leve 

Analytical requirements, types of s a m p l e  
preservation, holding times, and analytical met 
water samples collected at the Interceptor Trenc 
will follow that presented in Table 3.1. Field 
of pH, conductivity, and temperature will be as 
Section 3.3.1. 
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3.3.3 West Spray Fie d Soils 

A discussion of sampling rationale and sampl~ 
including grid layout, was presented in Sectic 
f o l l o  wing sect ions describe equipment , sampl in 
containers and preservation, and field measuremc 

Core samples will be collected in the non-irric 
using a sledge hammer to drive a split spoon 
depth of 1 2 " .  Each core will be split in I 

disposable sample trier or scoop and each hal: 
separate clean aluminum tray. The core half c 
cutting edge of the split spoon will represe 
depth; the other core will represent the 0-6" 

each core is withdrawn and split, the split s 

will be brushed off to remove excess soil, 
necessary to decontaminate the split spoon aft 
because the cores will be mixed to form a compc 
all cores have been collected, split and seg 
their respective trays, they will be crush6 
thoroughly with a shovel or trowel. The crushec 
now a composite of either the 0-6" depth or the 
and can be distributed evenly into their respec 
containers. The same method will be used to 
samples from the high application area. 

After sampling the non-irrigated soil, the 
sampler and aluminum trays will be thoroughly de 
The split spoon samplers and trays will be SCI 
tap water and detergent solution, rinsed wit 
rinsed with methanol, and finally rinsed wi 
water. Mixing trowels will also be decontaminat 
grid has been sampled. 
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Table 3.2 summarizes analytical requirements, 
types of sample containers, preservation, holdir 
analytical methodologies for soil sampling at t' 
Field. 

3 . 4  SAHPLING EQUIPMENT - WATER AND SOIL 

Instrumentation 

pH meter/buffer solutions 
conductivity meter 
thermometer 
beaker for field measurements 
plastic squeeze bottles for decont 

of instrument ?robes 

Sampling Equipment 

logbook/ink pens 
watch 
sample containers/labels 
field filtration apparatus 
split spoon sampler 
sledgehammer 
preservatives, c o p p e r  sulfate, sod 

hydroxide, n:tr:c acid 
stainless steel bucket for composi 
polyethylene sneezing 
paper towels 
shovel or trowels 
plastic or metai s c o o p s  

HPLC/d i s t i 11 ed ;a ter 

lumbers and 
times, and 

! West Spray 

ninat ion 

lrn 

ing 
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aluminum trays 
coolers with ice 
camera 

Sample/Equipment Decontamination 

wash bucket 
r i nse bucket 
alkaline detergent 
brushes 
paper towels/plastic trash bags 
methanol 
tap water 
distilled water 



4 . 0  SAMPLE HANDLING 

To minimize cross contamination between samples and 
sampling and laboratory personnel from potential 
possible hazardous or radioactive contaminants, all 
be decontaminated prior to packaging. At each samp:.e 
sample containers and equipment will be washed on 
with a detergent, rinsed with tap water, and dryed 
towels. Decontamination solutions and rinse waters 
tainerized and stored. After the sample analysis 
ceived and evaluated, appropriate disposal of these 

This section describes procedures for special samp: 
decontamination, and sample identification. Pro1 

marking, labelling, packaging, and shipping of enviri 

to protect 
exposure to 
s(3mples will 

location 
the exterior 
with paper 

will be con- 
data are re- 
liquids will 

e handling, 
edures for 
nmental and 

4.2 Sample Identification I 

hazardous substance samples not cl'assified as DOT 
Materials are included in Appendix B. Specific require- 

adloactive 

ments for DOT Radioactive Materials are 

4.1 Decontamination 

Individual sample containers will be numbered sequent 
a white or colored grease pen to identify the Sam 
before sanpling. Grease pens will be used to prevc 
sample numbers during sampling. Often times, identi 
on pre-labelled containers are lost during sample i n  
aqueous wastes or during decontamination. After s i  

been decontaminated and dried, permanent gum label, 
tags will be affixed to the sample containers. Perma 
o r  tags will include the following infornation at a mi 

ally using 
)le number 
nt l o s s  of 
ying marks 
mersion in 
nples have 
or sarn?,le 

)en t labe 1 s 
iimum: 



Exact location of the sample 
Time and date of sample collection 
Name of sampler and witnesses 
Sample sequential identification number 
(corresponding to that listed on the chain 
record) 
Type of sample (grab or composite) 
Analyses requested 
Preservation methods (nitric acid, NaOH, Cu 
Destination (Lab name) 
Other pertinent information 

1 

4.3 Packaging, Harking, Labelling, and Shipping 

of custody 

$;04, etc.) 

Because samples are expected to contain radionuclides, 
samples will be transported in compliance with u.S. 
Transportation requirements for packaging, marking, ard 
of radioactive materials. Regulations pertaining 
transportation o f  radioactive materials are detailed 
Sections 100 - 177, and are summarized in Appendix 
sampling plan. 

To ensure compliance with DOT shipping requirenents, 
following procedures must be initiated prior to 
package for shipment: 

1. A representative number of containers will be 
using 47 mm filter paper and then counted for alpha 
If counts exceed Rocky Flats Plant guidelines, 
will be decontaminated, smeared, and recounted 
activity meets these guidelines (see  Appendix C ) .  

a l l  

Department of 
labelling 

to the 
in 4 9  CFR  

C of this 

the 
offering a 

smear sampled 
activity. 

containers 
until a l p h a  



2. 

3. 

4 .  

An exterior gamma survey will be performed on 
sample containers. Results of this survey will 
appropriate internal and external packaging requ 
DOT specifications (see Appendix C). 

An exterior gamma survey will be conducted on eacl 
determine external packaging requirement 
specifications (see  Appendix C). 

Hazardous Material Bill of Lading includinc 
certification, chain of custody records, and insti 
the laboratory will accompany each package ( 

s h i pme n t . 
Personnel responsible for shipping samples will reviel 
ations concerning the shipment of Radioactive Matex 
1 7 2 . 2 0 3 )  and prepare each shipment accordingly. T 
this preparation, the Hazardous Materials Form (shown 
will be completed and included with the Dangerous Gc 

Lading, Chain of Custody Records, and other informat 
with the sample shipment. 

4.4 Documentation/Chain of Custody 

All aspects of the sampling effort w i l l  be documente 
forfis by sampling personnel. Documentation is requir 
laboratory personnel in iden::fying samples, t 

collection and reporting, and to provide evidence on 
of information gathered. One menber of the sampling 
assigned as the document coordinator and will be res 
recording all information durinq saTpLing. 

individual 
dictate the 
rement per 

package to 
per DOT 

shipper' s 
ictions for 
ffered for 

DOT regul- 
.a1 ( 4 9  CFR 
assist in 

on page 2 1 )  
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HAZARDOUS MATERIALS FORM 

Label Category: 

Transport  Index : 

Spec i f i c  Act i v i ty :  pCi/ g Pkg. Contam. 
, 

Pkg. Ce r t i f i ed  by: Date: Dest inat ion 

Mode of transport: Carr ier:  

Two oppos5te - I dent i f i ca t ion  No. - Cargo A i r c ra f t  Gross weight (RAM, exceeds 110 l b s )  
Type A (RAM only) 
Th is  End Up ( l i q u i d  only) 

- - - 

SHIPPING PAPER ENTRIES ( 4 9  CFR 172 B t C )  

Material  (proper sh ipp ing  name): 

H x a r d  Classes:  

I cen t i f i ca t i on  Number: 

ptg.  s ides  
Only 

Quant i ty  (weight or volume): 

RADIOACTIVE MATERIALS (RAM) ( 4 9  CFR 172.203 1 
Radionuclides: 

Fom (physical  or chemical): 

Ac t i v i t y  (Ci,  m C i ,  or uci ) :  

MARKING REQUIREMENTS ( 4 9  CFR 172.D) LABELING REQUIREMENTS I ( 4 9  CFR 172  E 1 
I 

PACKAGING REOQIREMENTS 
(Give appropriate Section o f  40 C F R ) :  

PLACARD REQUI EMENTS -+- 
- 

R E V I E W E D  B Y :  

2 1  



4 . 4 . 1  Logbook 

A l l  information pertinent to field activiti s will be 
recorded in bound, sequentially page numbered lo books .  The 
following information will be recorded prior to s mpling and 
at each sampling location: ' I 

Calibration information of field instr mentation 

Date and time of entry 
Brief objective of sampling 

Names of sampling personnel 
Sample location and proposed sampling 
Results of field measurement (pH, temperature, 

Number and types of samples collected, as well as 
container types and preservation metho s 

conductivity, etc.) 

Date and time of sample collection 

Description of sample handling after c llection 
(labelling, packaging, destination of sample) 

Sequential sample ID number 
Field observations (weather, etc.) 

I 
ethodology 1 

1 , 
4 . 4 . 2  Photographs 

Photographs will be taken to document sampling ctivities. 
Information on photographs will be recorded in the site 
logbook and will include at a minimum: I 

I 
- Date and time of photograph 
- Name of photographer 
- General direction faced and descriptio of subject 

Sequential number of photograph an the roll 
photographed 

number 
- 

I 



4 . 4 . 3  Chain of Custody 
(adapted from EPA Office of Emergency 
Remedial Response, Hazardous Response 
Division, Personnel and Safety Trainin 

.e original 
n and date 
tpment. At 
:or and the 
ody Record. 

Chain of Custody will be maintained from sample 
through laboratory receipt of samples. Samp: 
transferred from samplers to document coordinator 
responsible for documentation, sample ider 
packaging and shipping of samples. A Standard j 

Custody Record (presented on page 2 4 )  will be us' 
sample transfers. Samples will remain in the cui 
document coordinator until they are ship 
laboratory. 

A sample is in someone's "custody" if: 

- It is in actual physical possession; o 

- It is in view, after being in physical 
o r  

- It is in physical possession and then 
that no one can tamper with it; or 

- It is kept in a secured area, re: 
authorized personnel only. 

4.4.3.1 Transfer of Custody and Shipment 

When transferring custody of the samples, 
custodian and document coordinator will s 

the Chain of Custody Record until time of ,c 

the time of shipment the document coordin 
courier will sign and date the Chain of Cui 
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Chain of Custody Record 

I 

I I I 

I 



A photocopy of the signed Custody Reco d will be 
retained by the coordinator. The original Chain Of 
Custody Record will accompany the shipm nt to the 
laboratory. : 
4 . 4 . 3 . 2  Laboratory Custody Procedures 

Upon arrival of the samples at the 
laboratory personnel will sign and date 
samples on the Chain of Custody Record. 
personnel will then be responsible for 
tody until time of analyses. The laboratory 
able to provide a locked and secured area. 

laboratory, 
receipt of the 

Laboratory 
maintaining cus- 

must be 

5.0 QUALITY ASSURANCE/QUALITY CONTROL 

Field Blanks - Aqueous field blanis w i l l  be prepared 
filling each sample container w i t h  laboratory grade 
simulate collection of a n  aqueous environmental 
blanks will be collected, filtered, containerized, 
decontaminated, and shipped a s  :f they were 
samples. Samples will be analyzed to screen for cross 

i e Samplers will implement the following quality/ assurance 

on-site by 
water to 

sample. Field 
preserved, 

environmental 
contamina- 

procedures to ensure the production of high quality d 

5.1  Sample Blanks 

tion during sample handling. 

0 



5.2 Laboratory Quality Control 

An EPA contract laboratory capable of providing B 

Hazardous Substance List compounds, RCRA  character: 
radiological constituents will be selected for all ar 
laboratory will incorporate in-house quality control 
and use EPA approved analytical methodologies. Dati 
under the E P A  contract laboratory program is standa 
provides detection limits required by the resp 
methodology. 

To assurequalitydata the laboratorymustbe able to 
following quality control: 

I. Requirement for Organics 

The laboratory shall use its analytical experiencE 
ment to perform qualitative and quantitative anal 
organic Hazardous Substance List pollutants. TI 
Substance List Compounds and their respectivt 
limits are presented in Appendix A. The labor 
f o l l o w  the protocols established by the U.S. EPA 

preparation, analysis, storage, and preservation 
after the analysis. Method 600 series for organj 
and Method 8 0 0  series for organics in solid 
followed. 

During preparation, the laboratory shall fortify 
blanks, matrix spikes with surrogate spiking c 
given in EPA reference methods. Additionally, 
semi-volatile extracts a n d  aliquots for volati 
analysis shall be spiked with internal standar 
before injection or purging. 
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All soil samples for full organic (except volatil 
shall be prepared by sonification prior t 

extraction. Volatile Organic Analysis shall be 
within 7 days for water samples and within 10 da 
samples. Volatile Organic Analysis samples shc  

stored with pure solvent such as methylene ck 
matrix spike for Volatile Organic Analysis should 
at the beginning of the analysis and should be ? 

the end of analysis. Sample extraction shall b< 
within 5 days for water samples and within 10 da 
samples. 

The laboratory shall perform one spiked sample a 
one duplicate spiked sample analysis on each grOUF 
of a similar matri-x and coDcentration level for e? 
samples received or for each 2 0  samples, whiche 
frequent. The laboratory shall prepare and 2 

laboratory reagent blank for each group of sa 
similar matix for each batch or for each 2 

whichever is more frequent. 

The laboratory shall perform instrument calibratj 
formance audits for each 12-hour period. Initial 
calibration for each HSL compound and continuing 
for each HSL compound shall be performed, 
Chromatograph/Mass Spectrometer instrument sho 
for both volatile and semi-volatile compound an: 
Chromatograph/Mass Spectrometer performance audi 
c l u d e  d e c a f l u o r o t r i p h e n y l p h o s p h i n e  ( D F T I  

bromof luorobenzene (BFB) tuning. 

Blank run high value samples shall be performed 
any residual amount in the G a s  Chromatograph co 
NBS check standards can be used a s  a performance 

2 7  
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Calculations and identification shall be checked 
person and signed. F o r  calculations, use of 
computer program is advisable. 

11. Inorganic Requirement 

by a second 
3 permanent 

each 10 samples, whichever is more frequent. 

Initial multi-level calibrations and calibration 
I 
verification 

shall be performed in a 12-hour period. IC or Atomic 
Adsorption interference check shall be perf rmed. The 
laboratory control sample (or EPA or N B S )  shsl be carried 
through sample preparation and analysis pr cedures to 
document the performance of the entire sample pr cess. i ~ 

23 



C a l c u l a t i o n s  s h o u l d  b e  c h e c k e d  b y  a s e c  
C a l i b r a t i o n  d o w n  s l o p e  and intercept should F 
c a l c u l a t e d  b y  u s i n g  r e g r e s s i o n .  A p r o g r  
calculation is advisable. 
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APPE?!DIX b 

Estimated Detection Limits for 
Hazardous Substance L i s t  Compounds and 

Radiological Analyses 

A- I 



Hazardous S u b s t a n c e  List 
Required Detection L 

(HSL) and 
mi ts  * 

Detel 
Lou Watera 

Volatiles CAS Number ug/L 

1. Chloromethane 
2. Bromomethane 
3. Vinyl Chloride 
4. Chloroethanc 
S .  Methylene Chloride 

74-87-3 
74-83-9 
7 5-01-4 
7 5-00-3 
75-09-2 

6'. Ace tone 67-64-1 
7. Carbon Disulfide 75-15-0 
8. 1,l-Dichloroechene 75-35-4 
9. 1,l-Dichloroethane 75-35-3 
10. trans-1,Z-Dichloroethene 156-60-5 

11. Chloroform 67-66-3 
12. 1,2-Dichloroethane 107-06-2 
13. 2-Butanone 78-93-3 
14. l,l,l-Trichloroethane 71-55-6 
15. Carbon Tetrachloride 5 6-2 3- 5 

16. Vinyl Acetate 108-05-4 
17. Bromodichloromethane 75-27-4 
18. l , lB2,2-Tetrachloroethanc 79-34-5 
19. lD2-Dichloropropane 78-87-5 
20. trans-1,3-Dichloropropene 10061-02-6 

21. Trichloroethene 79-01 -6 
22. Dibromochlorooethane 124 -48- 1 
23. 1,1,2-Trichloroethane 79-00-5 
24. Benzene 71-43-2 
25. cis-l,3-Dichloropropene 10061-01-5 

10 
10 
10 
10 
5 

10 
5 
5 
5 
5 

5 
5 

10 
5 
5 

10 
5 
5 
5 
5 

5 
5 
5 
5 
5 

on Limits* 
u Soil/SedimentP 
Ug/Kg 

10 
10 
10 
10 
5 

10 
5 
5 
5 
5 

5 
5 
10 
5 
5 

LO 
5 
5 
5 
5 

5 
5 
5 
5 
5 



Det 
Lou Matera 

Vola  t I 1  e s CAS Number ug/L 

26. 2-Chloroethyl Vinyl Ether 110-75-8 
27. Bromoform 75-25-2 
28. 2-Hexanone 5 9 1-78-6 
2 9. 4 -He thy 1- 2 -pent anone 108-10-1 
30. Tetrachloroethene 127-18-4 

31. Toluene 
'32. Chlorobenzene 
33. Ethyl Benzene 
34. Styrene 
35. Total Xylenes 

108-88-3 
10 8- 9 0- 7 
100-41-4 
100-42-5 

10 
5 
10 
10 
5 

5 
5 
5 
5 
5 

aHedium Water Contract Required Detection Limits (CRDL) for 
Compounds are 100 times the individual Lou Water CRDL. 

hedium Soil/Sediment Contract Required Detection Limits (C 
HSL Compounds are 100 times the individual Lou SoillSedIme 

h- 3 

tlon Limits* 
Low S o i l / S e d l r n e n t D  

ug/Kg 

10 
5 

1 0  
10 
5 

olstile HSL 

L) for Volatile 
CRDL . 



Detect 
Lou Water= I 

36. N-Nitrosodimethylamine 
37. Phenol 
38. Aniline 
39. bls(2-Chloroethyl) ether 
40. 2-Chlorophenol 

41. 1,3-Dichlorobenzene 
42. 1,4-Dichlorobenzene 
43. Benzyl Alcohol 
44. 1,2-Dichlorobenzene 
4 5. 2-Me thy1 phenol 

46. bis(2-Chloroisopropyl) 

47. 4-Methylphenol 
48. N-Nitroso-Dipropylamine 
49. Hexachloroethane 

ether 

50. Nitrobenzene 

51. Isophorone 
52. 2-Ni rrophenol 
53. 2,4-Dimerhylphenol 
54. Benzoic Acid 
55. bl s (2-Chloroe thoxy ) 

me thane 

56 2,4-Dichlorophenol 
57. 1,2,4-Trlchlorobenzenc 
58. Naphthalene 
59. 4-Chloroanillne 
60. Hexachlorobutadiene 

62-7 5-9 
108-95-2 
62-53-3 
111-44-4 
95-57-8 

541 -73-1 
106-4 6-7 
100-51-6 
9 5-50-1 
95-48-7 

39638-32-9 
106-44-5 
62 1-64-7 
67-7 2-1 
98-95-3 

78-59-1 
88- 7 5-5 

105-67-9 
65-85-0 

111-91-1 

120-83-2 
120-82-1 
91-20-3 
106-4 7-8 
87-68-3 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
50 

10 

10 
10 
10 
10 
10 

61. 4-Chloro-31aethylphenol 
(para-chloro-meta-cresol) 59-50-7 10 

62. 2-Methylnaphthalene 91-57-6 10 
63. Hexachlorocyclopentadiene 77-47-4 10 
64. 2,4,6-Trichlotophenol 88-06-2 10 
65. 2,4,5-Trichlorophenol 95-95-4 50 

A- 4 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

3 30 
330 
330 
330 
330 

330 
330 
330 
1600 

330 

330 
330 
330 
330 
330 

330 
330 
330 
330 

1600 



Semi-Vola tiles CAS Number 

66. 2-Chloronaphthalenc 9 1-58-7 
67. 2-Nitroaniline 88-74-4 
68. Dimethyl Phthalate 131- 11-3 
69. Acenaphthylent 208-96-8 
7 0. 3 -Nit roan1 line 99-09-2 

71. Acenaphchenc 
72. 2.4-Dinitrophenol 
73. 4-Nltrophenol 
74. Dlbentofuran 
75. 2,4-Dlnitrotoluene 

83-32-9 
51 -28-5 
100-02-7 
13 2-64 -9 
12 1-1 4-2 

76. 2,6-Dlnitrotoluene 606-20-2 
77. Diethylphthalate 84-66-2 
78. 4<hlorophenyl Phenyl 

ether 7005-72-3 
79. Fluorene 8 6-7 3-7 
80. 4-Nitroaniline 100-01 -6 

81. 4,6-Dinitro-2-methylphenol 534-52-1 
82. N-nltrosodiphenylamine 86-30-6 
83. 4-Bromophenyl Phenyl ether 101-55-3 
84. Hexachlorobentene 118-74-1 
85. Pentachlorophenol 87-86-5 

86. Phenanthrene 85-0 1-8 
87. Anthracene 120- 12-7 
88. Di-n-butylphthalate 84-74-2 
89. Fluoranthene 2 0 6 - 4 4 -0 
90. Benzidine 92-87-5 

91. Pyrene 12 9-00-0 
92. Butyl Benzyl Phthalate 85-68-7 
93. 3,3'-Dichlorobenzidine 91-94-1 
94. Bento(a)anthracene 56-55-3 
95. bls(2-ethy1hexyl)phthalate 117-81-7 

96. Chrysene 2 18-01 -9 
97. Di-n-octyl Phthalate 117-84-0 
98. Bento(b)fluoranthene 205-99-2 
99. Benzo(k)fluoranthene 207-08-9 
100. Benzo(a)pyrene 50-32-8 

Dete 
Low Ua t e+ 

ug/L 

LO 
50 
10 
10 
50 

10 
50 
50 
10 
10 

10 
10 

10 
10 
50 

50 
10 
10 
10 
50 

10 
10 
10 
10 
50 

10 
10 
20 
10 
10 

10 
10 
LO 
10 
10 

A- 5 

.on Limits*  
I W  S o i l l  Sedimentd  

330 
1600 
330 
330 
1600 

330 
1600 
1600 
330 
330 

330 
330 

330 
330 
1600 

1600 
330 
330 
330 
1600 

330 
330 
330 
330 
1600 

330 
3 30 
660 
3 30 
330 

330 
330 
330 
330 
330 



Deteckion Limits* 

Semi-Volatiles CAS Number u g / L  ug /Kg 
Lou Uaterc ov Soil/Sedimcntd 

I 

CHedlum Water Contract Required Detection Limits  (CRDL) for St 
HSL Compounds are 100 timer the individual Lou Water CRDL. 

101. Indeno(l,2,3-cd)pyrene 193-3905 10 
102. Dibenz(a,h)anthracene 5 3-7 0-3 10 
103. Benro(g,h,i)perylene 1 9 1-24-2 10 

1 

dHedlum Soil/Sediment Contract Required Dezection Limits (CRDI 
Volatile HSL Compounds are 60 t h e e  the  individual Low S o i l / !  

1-Volatile 

for Semi- 
diment CRDL. 

A-6 
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LOU Wacere 
Pesticides CAS Number 

104 alpha-BHC 
105 beca-BHC 

LOU Soil/SedimentZ 

106. d e l t a - B H C  
107. gamma-BHC (Lindane) 
108. Heptachlor 
109. A l d r i n  
110 . Heptachlor Epoxide 

111. Endosulfan I 
112. Dieldrin 

114 .  E n d r i n  
115. Endosulfan 11 

113.  4,4'-DDE 

116. 4,C'-DDD 
117 .  E n d r i n  Aldehyde 
118. Endosulfan S u l f a t e  

120. Endrin Ketone 
119. 4,4'-DDT 

121 . Hethoxychlur 
122. Chlordane 
123. Toxaphene 
124. AROCLOR-la16 
125. AROCLOR-1'221 

126. AROCLOR-1232 
127 . AROCLOR-124 2 

129 AROCLOR-1254 
12 8 AROCLOR-L.248 

130 AROCCOR=1260 

319-8406 
3 19- 8 5-7 

31 9-86-8 
5 8- 89-9 
7 6-44-8 

309-00-2 
1024-57-3 

9 5 9-9 8-8 
60-5 7-1 
7 2-5 5-9 
7 2 -2 0-8 

33213-65-9 

72-54-8 
7 42 1-93-6 
1031-07-8 

50-29-3 
5 34 94-7 0-5 

72-43-5 
57-74-9 

8001-3 5-2 
12674-11-2 
11104-28-2 

11141-16-5 
53469-21-9 
1267 2 - 2 9 6  
11097-69-1 
11096-82-5 

0.05 
0.05 

0.05 
0.05 
0.05 
0.05 
0.05 

0.05 
0.10 
0.10 
0.10 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 

0.5 
0.5 
1 .o 
0 . 5  
0.5 

0.5 
0.5 
0.5 
1 .O 
1.0 

elledfan Water Coamact Required Detection L i m i t s  (CRDL) f o r  E 
Compcunds am-leO times the i n d i v i d u a l  LOU Water CRDL. 1 

2 .o 
2 .o 

2.0 
2 .o 
2.0  
2 .o 
2.0 

2.0 
4.0 
4 -0 
4 .O 
4 .O 

4.0 
4 .O 
4 .O 
4 .O 
4 .O 

20.0 
20.0 
40.0 
20.0 
20  .o 

20.0 
20.0 
20.0 
40.0 
4 0  .a 

i t i c ide  HSL 

fHedium Soll/Sl'dloent Contract Required Detection L i m i t s  (C'RDL 
HSL campounds are 60 times the individual Lou Soil/Sediment C 

t ion  limits ca lcu la ted  by the laboratory f o r  soil /sediment,  c 

** S p e c i f i c  de tec t ion  limits a r e  h i g h l y  matrix dependent. The 

for Pest i c ide  

*Detec:ion limits l i s t e d  for soil /sediment are  based on wet we The detec- 

l imits  l i s t e d  herein a r e  provided for gutdance and may not 

weight basis, a's required by t h e  c o n t r a c t ,  w i l l  be higher. 

achievable.  



BECOQ~ENDED WAVELENGTHS ( * AND EST 
INSTRLWENTU DETECTION LMITS -- -- 

Sodium 588 995 2 

Element 

Vanadium 292 402 8 
Z l n C  213.8S6 2 

Y a v e l e n y t h ,  nm(l) 

Alumlnum 
Antimany 
A r 8 e D i C  
Barium 
B e r y l l i u m  

Boron 
Codmi- 
Calcium 
Chromlam 
Co b d  t 

Copper 
I r o n  
Lead 
napeslum 
Manganese 

308.215 
206.833 
193.696 
455 403 
313.042 

249.773 
226 , 502 
317,933 
267.716 
228 . 616 

32 4.75 4 
259.940 
220.353 
279 a079 
257,610 , 

(2) The eitlmated iprtnamentd d e t e c t i o n  limits 81 rhovll are taken from 
' I n d u c t i v e l y  Coupled Plmma-Atomlc Ealsrion S p e c t r o s c o p y  Prominent Liner,' 
EPA-600/G-79-017. They are g i v e n  am a guide f o r  an last enfa1 limit. 
h e  a c t u a l  method d e t e c t i o n  limits are sample dependent d m y  vary as 
the 8 m p h  mtriX V8rie8.  i (3) Bfghly dependenc on operating c o n d i t i o n s  and plasma p o o l  l o o .  

A-8 



ESTIMATED DETECTION LIMITS FOR RADIOLOGICAL 

Analyses Estimated Detection 

Aqueous Matrix 

ANALYSES 

Lirnit 

Tritium 

Plutonium 239 

Americium 241 

Uranium 238 0.05 pCi/:. 

gross alpha 3.0 pCi/l 

gross beta 3.0 pCi/l 

* * * * * * * * 

Soil Matrix 

Uranium 233 
234 

i 

200 pCi/l 

0.05 pCi/ 

0.05 pCi/ 

0.05 pCi/ 

Tr 1 t i um 

Plutonium 239 

Americium 241 

Uranium 233 
234 

Uranium 238 

gross alpha 

gross beta 

200 pCi/l 

0.05 pCi/l 

0.05 pCi/l 

0.05 pCi/l 

0.05 pCi/l 

3.0 pCi/l 
i 

3.0 pCi/l 
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HAZARDOUS SUBSTANCE SAMPLES 
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APPENDIX B 

I .  

If. 

a 

1 1 1 .  

e 

HAZARDOUS SUBSTANCE SAMPLES 

Packaging, Marking,  Labeling S, Shippfng 

INTRODUCTION 

Samples collected during incident response operations may hav 
ported elsewhere for analysis.  The transportation o f  samples 
accomplished not only in a manner designed t o  protect the i n t  
the sample, b u t  a l s o  t o  prevent arty detrimental e f fects  from 
hazardous nature of the samples. Regulations f o r  packaging, 
labeling and s h i p p i n g  of hazardous mater ia ls ,  hazardous subst 
hazardous wastes are  promulgated by the U.S. Department of Tr 
(DOT) and described i n  the Code of Federal Regulations (49 CF 
177, i n  part icular ,  172.402h, packages containing samples). 
these regulations were not (ntended t o  cover the shipnent o f  
collected a t  controlled or uncontrolled hazardous waste s i t e s  
col lected a t  emergency responses . However, the U.S. Environn 
Protection Agency has deemed i t  pnident t o  package, mark,  l a t  
samgles observing DOT procedures. The infomation contained 
training outline i s  for  general guidance and, although factuz 
not be misconstrued as identical to DOT regulations f o r  tran! 
o f  hazardous materials. 

ENV IRONMENTAL SAMPLES VERSUS WARDOUS SUBSTANCE SAMPLES 

Samples collected a t  an incident should be c l a s s i f i e d  as eitl 
mental or hazardous substances (or wastes) samples. In genei 
mental samples are . co l lec ted  o f f - s i t e ,  such as water samples 
ponds or wells ,  and are not expected to  be grossly contamina' 
levels  of t o x i c  substances. On-site samples of soil  or watei 
f r o m  drums or b u l k  storage tanks,  obviously contaminated ponl 
pools, leachates from hazardous waste s i t e s ,  e t c . ,  are consii 
hazardous substances. A dis t inc t ion  between the two types o 
environmental and hazardous, must be made for two major reasi 
t o  detennine the appropriate procedures f o r  the transportati(  
samples. Secondly, to  protect  the health and safety of the 
personnel receiving the samples. Specfal precautions, proce 
secondary containment areas w i t h i n  1 aboratories are used whe 
other than environmental sanples are received. ' I f  there i s  
t o  the c lass i f icat ion of a sample, it s h o u l d  be considered a 
sample and shipped accordingly. 

ENVIRONMEKTAL SAMPLES 

Samples judged to be environmental are n o t  considered hazard 
however, environmntal samples wil l  be  packaged and shipped 
the fol l - ing procedures. 

F R O M :  E P A  O F F I C E  O F  E M E R Q E N C Y  A N D  R E M E D I A L  R E S P O N S E  

H A t A R D O U 8  R L B P O N S E  ( S U P P O R T  D I V I S I O N  

P E R S O N N E L  C A O T E C T I O N  A N D  S A F E T Y  T R A I N I N G  M A N U A L  
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A. Packing 

1. Environmental samples can be  packaged following the 
f o r  samples c lass i f i ed  as aflammable liquids" or 
solids." See section V.A. 1-5. Marking, labeling,  
shipping papers do not apply. 

Environmental samples can a l so  be packaged w i t h o u t  
Inside metal cans as required for " f l a m b l e  liquids". 

a. 

2. 

Sample containers properly identif ied and with a 
i n  sealed polyethylene bags, can be packed i n  
containers or metal picnic cooler-type containers. 
incombustible, absorbent cushionlng material must 
mize the poss ib i l i ty  o f  sample container breakage. 

b. To further reduce the poss ib i l i ty  o f  leakage, i f  
ta iner  and the sample bot t les  and absorbent material 
the l a r ge r  bag which 1s a l s o  sealed. 

E. Marking & Labeling 

@ 

IV . 

procedures 
"flarmable 

a i d  

befng placed 

sealed l i d ,  
fiberboard 

Sufficient 
be used t o  mini- 

a sample con- 
placed fn 

1. Sample containers must have a completed sample ident f i c a t i o n  t a g .  1 
2 .  Outside container s h o u l d  be marked "Environmental Sa 

3. No DOT marking 4nd label ing is required. 

C. Shipping Papers 

1. No DOT s h i p p i n g  papers are required. 

D. Transportation 

1. No DOT r e s t r i c t i o n s  on mode o f  transportation. 

HAZARDOUS SUBSTANCE SAMPLES - RATIONALE 

Samples n o t  detennined t o  be environmental samples or smp' 
expected to  contad n hazardous materi a1 s must be considered 
mbstance samples and transported according t o  the followii 
I f  the material i n  the sample i s  known or can be identifie1 
be packaged, marked, labeled and shipped according t o  the 
structions f o r  that  material ( i f  l i s t e d )  found i n  the DOT I 
Table,  49 CFR 172.101. For those samples o f  hazardous sub 
contents are ~nknuun, the selection of the approprfate tra 
category i s  based upon the DOT Hazardous Materials Classif  
pr ior i t ized system of transportation categories.  
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A. DOT Hazardous Material C l a s s i f i ca t i on  (173.2) 

1. Radioactive Material 

2. Poison 'A '  

3. Ffamnable Gas 

4. Non-Flamnable Gas 

5.  Flamnable L i qu id  

6. Oxidizer 

7. Flammable S o l i d  

8. Corrosive Material (1 iquid) 

9. Poison '6 '  

10. Corrosive Material ( so l id )  

11. I r r i t a t i n g  Material 

12. Combustible L i qu i d  ( in containers having capacities e 
110 ga l )  

13. ORM-8 

14. ORM-A 

15. Combustible L i qu i d  (in containers having capacities 
l e s s )  

16. ORM-E 

B. The select ion of the correct category f o r  an unknown saml 
a process of el in inat ion, u t i l i z i n g  the  DOT c la s s i f i ca t i c  

1. Unless known or  demonstrated otherwise (through the I 
survey instruments), the sample i s  consldered radioai 
appropriate shipping regulat ions f o r  radioactive matr 

2.  If radioactive material i s  eliminated, the sample i s  
contain Poison ' A '  materials,  the nex t  material on tl 
'A' is defined by DOT as  extremely dangerous poisonoi 
l i qu id s  of such a nature that a very small amount of 
of t he  l i q u i d ,  mixed with a i r  i s  dangerous t o  l i f e .  

3. The c la s s  'A' poisons l i s t e d  i n  49  CFR 172.101 and tl 
state a t  noma1 temperatures a r e :  

ceedi ng 

110 gal or  

- is through 
I system. 

;e o f  radiat ion 
:ive and 
*i a1 f ol 1 owed. 

:ons ldered to  
? l i s t .  Poison 
i gases or 
jas, or vapor 
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arsine 
bromoacetone 
chloropicrin & methyl chloride mixture 
chl oropicrin & non-fl amnab 1 e non-l iqu  i f i 
compressed gas mixture 
cyanogen chloride 

cyanogen gas 
gas ident i f i ca t ion  s e t  
ge la t in  dynamite (H.E. G e m i n e )  
grenade ( w i t h  poison ' A '  gas charge) 
hexae thy1 t e t r a  p h os p ha t e  and comp r es s ed 
gas mixture 
hydrocyanic ac id (prussic) solution 
hydrocyanic ac id ,  1 f q u i f i e d  
insecticide 1 iquified gas ,  contatning 
poison ' A '  or poison 'B' material 
methyldichloroars ine 
nitric oxide 
nitrogen peroxide 
nitrogen tetroxide 
nftrogen dioxide, 1 i q u i d  
parathion & compressed gas mixture 
phosgene (diphosgene) 

d 

Many of the poison 'A' materials are gases or cmprc 
would not be found i n  d m  type containers. The l ic  
would probably be found i n  closed containers only. 
frun closed drums do not have t o  be s h i p p e d  i s  poisc 
provides a "worst case" si tuation.  Based upon the i 
available,  a j u d g e m e n t  must be made as t o  the hatarc 
sampl e 

If poison ' A '  is eltminated as a shipment category, 
c l a s s i f i c a t i o n s  are  "flamnable" or 'Inon-flamnable" $ 
few gas samples are  co l lec ted ,  flamnable liquids woi 
next applicable category. The elimination of the cl 
of radioactive,  poison ' A t ,  n a m a b l e  gas ,  and non-1 
which require more stringent shipping procedures, tf 
the sample to  be c l a s s i f i e d  as flamnable l iquid (o r  
shipped accordingly. The shipping requirements f o r  
l i q u i d s  would a l s o  suff ice f o r  shipping any other si 
fied below flamnable liquids on the DOT c l a r s i f i c a t <  

For samples containing unknown material , other a t e !  
below flamnable l iquids/solids on the t a b l e ,  are  gei 
considered because: 

a. E l i m i n a t i n g  other substances as f lamable  l i q u i l  
flashpoint test ing which i s  impractlcal a n d  pos! 
a t  a s i t e .  

b .  Unless i t  i s  demonstrated t h a t  the sample consii 
l i s t e d  below flamnable l i q u i d  on the  t a b l e ,  I t  
ered a flamnable l i q u i d  ( o r  sol id)  a n d  shipped 

B - i  
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V. SAMPLES CtASSIFIED AS F L W B L E  LIQUIDS OR F L A W B L E  SDLSDS 
P ROC EDU RES 

A.  Packaging 

1. Collect sample i n  a glass container with non-metall 
lined screw cap. Allow sufficient ullage (approxim 
by volume) so that the container i s  not liquid-full 
degrees Fahrenheit. If an a i r  space i n  the inner 
cannot be tolerated in order t o  maintain sample in 
i t  within a second container t o  provide the requir 

2.  Attach properly completed sample identification ta 
container . 

3. Seal sample container closure and place i n  2 4 i 1  
thicker) polyethylene b a g ,  one sample per bag. T 
identification t a g  should be positioned t o  enable 
read through the bag. 

4. Place sealed bag inside an appropriate si ted meta 
enough incombustible, absorbent, cushioning mater 
venniculite or diatomaceous earth) b prevent bre 
absorb l i q u i d ;  one bag per can. Pressurn close t 
use c l i p s ,  tape or other positive means t o  hold 
securely, tightly, and effectively. 

Place one or  more metal cans (or single I-gallon 
surrounded w i t h  incombustible, absorbing packagi  
for  s t a b f l i t y  d u r i n g  transport into a strong o u t  
such as a metal picnic cooler or inside an appro 
board box. 

5. 

8. Marking a n d  Labeling 

1. Use abbreviations only where specified. Place 
information on the metal can (or 1 gallon bottl 
hand printed or i n  label form. 
Laboratory Name and Address 
"Flamnable L i q u i d ,  n.0.s. UN1993" or " F l a m b l e  
UN1325". Not othewise specified (n.0.s.) i s  n 
flammable liquid ( o r  solid) i s  Identified. I n  
name of  the specif ic  material i s  used and l i s t e  
category ( i . e .  " F l a m b l e  Liquid", e t c . ) .  

Place the following DOT labels on the outside 
(or bott le) .  

"Flammble L i q u i d "  or  " F l a m a b l e  So1 i d " .  The 
Wet" l a b e l  m u s t  be used w i t h  the " F l a m b l e  So 
t h e  material meets the d e f i n i t i o n  o f  a water r 
The "Cargo Aircraft Only" l a b e l  must be used i 
of the sample i n  each package i s  greater t h a n  
"Flammable Liquid", n .0 .s . )  or 25 lbs .  (for "F 
n. 0. s .  ) . ( 1 7 2 . 4 0 2 ,  172.101) 

2.  
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3. I f  the cans are  placed i n  an exterior container,  bo 
container and inside can (or bottle)  must have the 
markings and l a b e l s  as above, 

The words: "This  End Up" or "This Side Up" must be 
printed on the top of the outer package. Upward PO 
arrows should be placed on the sides of package. T 
"Laboratory Samples" should also be printed on the 
the package. 

C. Shipping Papers 

1. Use abbreviations only where specified below. Corn 
carrier-provided b i l l  of lading and sign the c e r t i  
statement ( i f  the c a r r i e r  does not  provide, use s t  
industry form) w i t h  the following information i n  
l i s ted .  
container. 

g F 1 a ~ b l e  L i q u i d ,  n.0.s. UN1993'! or "Flamnable 
UN1325"; "Limited Quantity"  (or " L t d .  Qty.");  ne 
net volume (abbreviations of weight or volume a r  
Further descriptions such as "Laboratory Sampl e s  
Aircra f t  Only" ( i f  applicable) are allowed i f  t h  
contradict  the required information. 

The net weight or net volume must be placed jus 
just a f t e r  the t l F l a m b l e  Liquid, n.0.s." or "F 
So1 i d ,  n..o;s." description.  

A chain-of-custody record, properly executed, 
in the e x t e r i o r  container i f  samples are  c o l l  
evidence or if there  i s  an expectation t h a t  a 
date they may be needed as evidence. 

One form may be used f o r  m r e  than one e 

2. 

Unknown hazardous substance samples c l a s s i f i e d  as 
l iquids mayabe transported by rented or c m o n  c a r r i e r  
b u t ,  ra i l road,  or by Federal Express Corporation, b u t  
should not be transported by any other comnon c a r r i e r  
transport ,  even "cargo only" a i r c r a f t .  
permit "cargo only" a i r c r a f t  such as WA, United, 
however, d i f f i c u l t i e s  w i t h  regular a ir1  ines transportation 
suggests avoiding these types of transportation.) 

These EPA procedures are designed t o  enable a i r  cargo 
by e n t i t i e s  l i k e  Federal Express; however, they should 
construed as a n  endorsement by EPA of a part icular  
c a r r i e r .  

(DOT regulations 

D. Tranportation 

f l a m b l e  
truck, 

they 
air 

e t c . ;  

shipment 
n o t  be 

commercial 

1. 

2. I f  sacples are  transported by any type of government-owned 
vehic le ,  including a i r c r a f t ,  GOT resulations a r e  n o t  
However, EPA personnel w i l l  use t h e  p a c k a g i n g  procecures 
except the b i l l  o f  lading w i t h  a c e r t i f i c a t i o n ,  does 
be executed. 

applicable. 

n o t  have t o  
described, 
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E. Other Consfderatfons 

1. The s i z e  of the sample t o  be collected should be asce 
analyt ical  laboratory. 

2.  Use o f  sanple preservatives or packaging i n  ice shoul 
mined by the analytical laboratoy .  

3. Using "flarmable" does not convey the certa in  knowlec 
sample is i n  fact f l a m b l e ,  o r  how flanmable, b u t  i s  
to  prescribe the c lass  o f  p a c k a g i n g  i n  order t o  fo l l c  

EPA employees will accompany shipping containers t o  1 
carrier and if  required, open outside container(s)  fc 

For overnight shipments, weight res t r i c t ions  should t 
Federal Express, for instance is 70 pounds or l ess .  

4. 

5. 

VI. SAMPLES CLASSIFIED AS POISON 'A '  - PROCEDURES 

A. Packaging 

1. Col lect  samples i n  a polyethylene or  glass container I 
outer diameter n a r m e r  than the valve hole on a DOT ! 
or 13AA1800 metal cylinder. F i l l  sample container a l '  
s u f f i c i e n t  ullage (approximately 10: by volume) so I t  
l i q u i d - f u l l  a t  130 degrees Fahrenheit. Seal sample ci 

2. Attach a properly col lected sample ident i f fcat ion t a g  a 
3. With a string or f lexible  wire attached t o  the neck o 

container,  lower i t  into a metal cylinder which has b 
f i l l e d  w i t h  fncohust ib le ,  absorbent loose packaging I 
culite or earth) .  Allow s u f f f c i e n t  absorbing materia 
bot tom and sldes o f  the container a n d  the metal cylin 
breakage a n d  absorb leakage. After  the cylinder is f 
cushioning material ,  drop the ends of the s tr ing or w 
cylinder valve hole. Only one sample may be placed i 
cy1 1 nder . 

4. Replace valve, torque t o  250 feet/pound (for 1 inch o 
replace valve protector on metal cylinder,  u s l n g  te f l  

5. One or more cylfnders my be placed i n  a DOT approvec 

B. Markfng & Labeling 

1. Use abbreviations only where specif ied.  Place the fc 
t i o n  on the side of the cylinder,  or on a t a g  wired t 
valve protector,  e i ther  h a n d p r i n t e d  o r  i n  label form. 

"Poisonous L i q u i d ,  n.0.s." or "Poisonous Gas, n.0.s.  
name and address, and place t h e  f o l l o w i n g  DOT label c - "Poisonous Gas" (even i f  the sarple i s  l i q u i d ) .  
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2. If the metal cylinders are placed i n  an outside contai 
the container and cylinders inside must have the same 
and label s as above. In addition, "Laboratory Sampl ell 

"Inside Packages Comply With Prescribed Specif ications 
be marked on the t o p  andlor front side of the outside 
"THIS SIDE UP" marking rmst be placed on the topside 
container,  and upward pointing arrows on a l l  4 sides. 

C .  S h i p p i n g  Papen 

1. Complete the shipper-provided b i l l  o f  l a d i n g  and sig 
cation statement ( i f  the c a r r i e r  does not provide, u 
industry form) w i t h  the following information in the 
One form may be used for more t h a n  one exter ior  cont 
abbreviations only as specif ied.  

"Poisonous L i q u i d ,  n.0.s. NA9035", "Limited Quality"  
Qty.", net weight or net volume. The net weight or 
must be placed just  before or j u s t  a f t e r  the "Poiso 
n.0.s." mrking. 

2. A chain-of-custody record form should also  be p r o p  
included fn the container or w i t h  the cylinder, i f  
samples i s  required or anticipated. 

Unless samples are driven t o  the laboratory, an EP 
accompany s h i p p i n g  container t o  the transport car  
quired, open outside container f o r  freight inspection. 

4. Using the word "poIsonoush'does not convey the ce 
that  a sample 'Is In fact poisonous, o r  how polso 
t o  describe the class o f  packaging in order t o  
regulations. 

3. 

0. Transportatton 

1. Poison ' A '  iategorized packages may not be tran 
Express Corporation (air cargo) or other cam0 
or by r e n t a l ,  non-government a i r c r a f t .  Sample 
by ground transport o r  government-wned aircraft. 

VII. SAMPLE IDENTIFICATION 

The sample tag i s  the means by which the s c p l e  i s  identified 
necessary infomation recorded about t h e  sarple. 
be legibly written and cmpleted i n  f u l l  w i t h  an indelible pe 
Information about the sample should also be recorded i n  a log 
t a g  should be firmly affixed t o  the sargle container. The mi 
mation on the ident i f icat ion card should include: 

The sample 

--. 

and the pertinent,  
:ard s h o u l d  
lcil or pen. 
book. The 

i i m u m  infor- 



1. 

2. 

3. 

4. 

5. 

6. 

7 .  

Exact location o f  the sample. 

Time and date that  sample was collected. 

Name of sampler and witnesses, if  necessary. 

Project codes, sample station number, and identifyfng code, if 
appl i cab1 e.  

Type of sample, i f  knwn. 

Hazardous substances or environmental sample. 

l a g  number ( i f -  sequential t a g  system is  used). 

8.. Laboratory number ( i f  applicable) . 
9. Any other pertinent information about sample. 
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GUIDE FOR 

R-uxhond HAZARDOUS MATERIALS SHIPPING PAPERS roccmr Rogmmr a Admlmrmtion 
The f o l l o v i n g  i n f o r m a t i o n  h a s  been a b s t r a c t e d  from the Code o f  F e d e r a l  R e g u l a t i o n s ,  T i t l e  4 9 ,  
Parts 100-177 

0 - 1. - DEFINITIONS 
A.  SHIPPXNG PAPER (See. 171.8)  A s h i p p i n g  paper n a y  b e  a s h i p p i n g  o r d e r ,  b i l l  o f  l a d i n a ,  

manifest, o r  o t h e r  r h i p p i n g  document serving A slmllar p u r p o s e  c o n t a i n i n g  t h e  I n f o m a t i o n  
r e q u i r e d  by Scc. 1 7 2 . 2 0 2 ,  1 7 2 . 2 0 3  and 1 7 2 . 2 0 4 .  

B. KAZARDOUS W A S E  MANIFEST (CFR, T i t l e  LO, S t c .  262.20)  A hazardous waste m a n i f e s t  i s  a 
document ( s h i p p i n g  paper)  on v b i c h  a11 hazardous waste i s  I d e n t i f i e d .  
m a n i f e s t  m u 6 t  accompany e a c h  shipment o f  wa6te from t h e  p o i n t  o f  pick-up t o  t h e  d e s t i n a t i o n  
(m, T i t l e  4 9 ,  See. 1 7 2 . 2 0 5 )  

A copy o f  t h e  

2. SBIPPERS RESPONSIBILITY [See. 1 7 2 . 2 0 0 ( a ) ]  The s h i p p e r  h a s  t h e  r e s p o n s i b i l i t y  t o  p r o p e r l y  
p r e p a r e  t h e  s h i p p i n g  p a p e r  vhen o f f e r i n g  a hazardous mterial f o r  t r a n s p o r t .  
N O T E :  For rhipmenta o f  hazardous v a a t e ,  t h e  hazardous vaste  m a n i f e s t  is  t h e  o n l y  a u t h o r i z e d  

d o c ~ e n t a t i o a .  (CFR, T i t l e  0 0 ,  S e c .  262 .23)  
- 

3. FUURWUS KATFRIUS DESCRIPTION (See. 1 7 2 . 2 0 2 )  The s h i p p i n g  d e s c r i p t i o n  o f  a hazardous' 
m a t t r i d  on a r h i p p i n g  p a p e r  m u s t  I n c l u d e  t h e  f o l l o v i n g  i n f o r m a t i o n :  
A. P r o p e r  6hipplng name- Stc .  1 7 2 . 1 0 1  o r  S e c .  172 .102  (vhen a u t h o r i z e d ) ;  
1. The hazard clasr p r e s c r i b e d  f o r  t h e  material in t h e  same r e c t i o n ;  [ S e t  e x c e p t i o n s  

C. The I d e n t i f i c a t i o n  number f o r  t h e  material (preceded by "U"' OT "NA" as a p p r o p r i a t e ) ;  and 
0. E x c e p t  f o r  cmpty p a c b g l n g s ,  the t o t a l  q u a n t i t y  (by w e i g h t ,  volume, o r  as o t h e r v i s e  

a p p r o p r i a t e )  o f  t h e  hazardous ruterials c o v e r e d  by t h e  d e s c r i p t i o n .  
E. E x c e p t  as o t h e w l s e  p r o v i d e d  in t h e  r e g u l a t i o n s ,  t h e  b a s i c  d e S C r i p t i O n  in 3A. B and C 

above must b e  rhovn i n  requenc; .  F o r  example "Acetone,  F l a m a b l e  L i q u i d ,  UN1090." 
F. The t o t a l  q u a n t i t y  o f  t h e  mterial covered by one d e s c r i p t i o n  m u s t  appear  b e f o r e a r  a f t e r  

( o r  both b e f o r e  & after) t h e  baric d e s c r i p t i o n  as i n d i c a t e d  In 2, B and C above. 
(1) A b b r e v i a t i o n s  may b e  used t o  r p e c i f y  the type o f  p a c k a g i n g ,  v e i g h t  or v o l m e .  

S e c .  1 7 2 . 2 0 2 W  (2) 1 

E m l e :  "40  C y l .  N i t r o g e n  N o n f l a m a b l e  gas UN 1 0 6 6 ,  800 pounds"; "1 box Cement 
l i q u i d ,  P.o.s., Flammable l i q u i d .  NAI133, 25 l b c . "  

b e f o r e  or after  t h e  b a s i c  d e s c r i p t i o n .  
(2) Type o f  p a c k a g i n g  and d e s t i n a t i o n  marks may be  e n t e r e d  i n  any a p p r o p r i a t e  manner 

C. T e c h n i c a l  and c h e m i c a l  group names may b e  e n t e r e d  i n  p a r e n t h e s e s  b e t v e e n  the proper  
s h i p p i n g  name and h a z a r d  class.  Example: C o r r o 6 l v e  l i q u i d ,  n . 0 . s .  (capryrl c h l o r i d e ) ,  
c o r r o s i v e  n a t e r i r l .  

4. GEhTR4.L N T R I E S  ON SHrPPING PAPERS ( S e c .  1 7 2 . 2 0 1 )  
A.  CONTESTS When d e s c r i b i n g  a hazardous m a t e r i a l  on t h e  s h i p p i n g  p a p e r t s ) ,  t h a t  descr ip :ron 

must confonn t o  t h e  f o l l o w i n g  r e q u i r e m e n t s  : 
(1) When a hazardous mtcrial,  i n c l u d i n g  materials n o t  s u b j e c t  t o  t h e  r e g u l a t i o n s ,  i s  

d e s c r i b e d  on t h e  same s h i p p i n g  p a p e r ,  t h e  hazardous m a t e r i a l  d e s c r i p t i o n  e n t r i e s  
r e q u i r e d  by S e c .  1 7 2 . 2 0 2  and t h o s e  a d d i t i o n a l  e n t r i e s  t h a t  m y  b e  r e q u i r e d  b y  
S e c .  1 7 2 . 2 0 3 .  
a. M u s t  b e  e n t e r e d  f i r s t  ( S e e  F i g u r e  l ) ,  o r  
b. Must b e  e n t e r e d  in a c o n t r a s t i n g  c o l o r ,  e x c e p t  t h a t  a d e s c r i p t i o n  on a repro-  

d u c t f o n  o f  a s h i p p i n g  paper  may be h i g h l i g h t e d ,  r a t h e r  t h a n  p r l n c e d ,  :n a 
c o n t r a s t i n g  c o l o r  ( t h e s e  r e q u l r e n e n t s  apply o n l y  t o  t h e  b a s i c  d e s c r i 7 t i c n  
r e q u i r e d  by S e c .  1 7 2 . 2 0 2 ( a ) ( l ) .  ( 2 )  and (3). ( S e e  f i g u r e  1 ) ;  o r  

column c a p t i o n e d  '%X" [ t h e  "X" may be r e p l a c e d  by "RQ" ( R e p o r t a o i e  C-ant l -y ) ,  
i f  a p p r o p r i a t e ]  S e e  f i g u r e  1. 

c .  H u s t  b e  I d e n t i f i e d  by t h e  e n t r y  "X" p l a c e d  b e f o r e  t h e  p r c ~ e r  s k 4 : p ? i n p  :aye i n  a 

( 2 )  The r e q u i r e d  s h i p p i n g  d e s c r l $ f i o n . c n  a s h i p p i n g  paper and a l l  c o p i e s  t h a t  a r e  used  

f o r  t r a n s p o r t a t i o n  purposes  m u s t  be l e g i b l e  and p r i n t e d  (manually or n e c h a n l c a l l y )  
i n  E n g l i s h .  

may n o t  c o n t a i n  a n y  code o r  a b b r e v f a c i o n .  
(3) U n l e s s  It  i s  s p e c i f i c a l l y  a u t h o r i z e d  o r  r e q u i r e d .  t h e  r e q u i r e d  s h i p p i n g  d e s c r r ; t l c n  
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(4) A s h i p p i n g  p a p e r  m y  c o n t a i n  a d d i t i o n a l  i n f o n u t t i o n  c o n c e r n i n g  the material  p r o v i d e d  
t h e  i n f o r m a t i o n  is n o t  i n c o n s i s t e n t  v i t h  t h e  r e q u i r e d  d e s c r i p t i o n .  U n l e s s  o t h e r v i s e  
p e m i t t e d  o r  r e q u i r e d ,  a d d i t i o n a l  i n f o r m t i o n  oust b e  p l a c e d  a f t e r  the b a s i c  d e s c r i p -  
tion r e q u i r e d  by See. 172.202(~). 
a. men a p p r o p r i a t e ,  t h e  e n t r i e a  "MCO" o r  "IHCO C f J l S "  m y  b e  e n t e r e d  i m m e d i a t e l y  

b e f o r e  o r  i m m e d i a t e l y  f o l l o v i n g  t h e  class entry In  t h e  b a s i c  d e s c r i p t i o n .  
b. If a material meets t h e  d e f i n i t i o o  of more than one h a z a r d  c l a s s ,  the a d d i t i o n a l  

h a z a r d  c l a s t  or classes may b e  e n t e r e d  a f ter  t h e  h a z a r d  class in t h e  b a r i c  
d t s c r i p  t ion .  

B. NA!! OF SBIPPl5t 
s h i p p e r .  

A sh+pping p a p e r  f o r  8 r h i p m e n t  by w t e r  m u s t  c o n r a i n  the name of the  

A. 

B. 

C. 

0. 

E. 

P. 

c. 

E. 

5. mD1TIONAL DESCRIPTION =QUI-S (Sec .  1 7 2 . 2 0 3 )  (Au. MODES) 
E x e w t i o n s  - E a c h  s h i p p i n g  p a p e r  l a s u e d  i n  c o n n e c t i o n  v i t h  a s h i p m e n t  made under  an 
exemption must b e a r  t h e  n o t a t i o n  'mT-E" f o l l w e d  by t h e  c x c m p t i o n  number assigned 
(-14: DOT-E 4 6 6 8 )  and S o  l o c a t e d  that the exemption number i s  c l e a r l y  a s s o c i a t e d  w i t h  
t h e  d e s c r i p t i o n  t o  v h i c h  t h e  exempt ion  a p p l i e s .  
L ' s i t e d  Quantities - D e s c r i p t i o -  f o r  materials d e f i n e d  JS " L i m i t e d  Q u a n t i t i e s " .  . .must 
i n c l u d e  t h e  W T ~ S  ' Z i z d t e d  Quantit ies"  o r  ' 2 t d .  Qty." folloving t h e  b a s i c  d e s c r i p r i o n .  
Ea za r d o u s  S u b s  tan c u  
(1) If t h e  p r o p e r  s h i p p i n g  nsme f o r  a m i x t u r e  or solution that i r  a h a z a r d o u s  a u b s t a n c e  

d o e 6  not i d e n t i f y  the c o n s t i t u e n t s  =king it a h a z a r d o u s  s u b s t a n c e ,  t h e  name o r  names 
of s u c h  c o n s t i t u e n t s  r h i l l  b e  e n t e r e d  in a s s o c i a t i o n  v i t h  t h e  basic d e s c r i p t i o n .  
The l e t t e r 8  "RQ" ( R e p o r t a b l e  Quantity) shall be e n t e r e d  on t h e  a h i p p i n g  p a p e r  e i t h e r  
b e f o r e  o r  after t h e  b a s i c  d e s c r i p t i o n  r e q u i r e d  by Sec. 1 7 2 . 2 0 2  f o r  e a c h  h a z a r d o w  
substance. (Set d e f F n i t i o n  See. 1 7 1 . 8 )  Example: RQ, Cresol, C c r r o s i v e  X a t e r i d ,  
NA2076: or A d i p i c  A c i d .  OWE.  RA9077. RO. 

(2) 

- ,  

R a d i o a c t i v e  -Ifaterials - For - a d d i t i o n a l  d e s c r i p t i o n  for  r a d i o a c t i v e  materials, refer t o  
See.  1 7 2 . 2 0 3 ( d ) .  
~ n p t v  P a c k a p i n g s  
(1) b C e P t  f o r  a t a n k  C a r ,  o r  m y  p a c k a g i n g  that s t i l l  c o n t a i n s  a h a z a r d o u s  r u b s t a n c e r  

the d e s c r i p t i o n -  on. the s h i p p i n g  p a p e r  f o r  an empty p a c k a g i n g  c o n t a i n i n g  t h e  r e s i d u e  
of a h a z a r d o u s  uater ia l  m y  i n c l u d e  t h e  w r d ( s )  "WW' o r  "DCPTY: Lasr C o n t a i n e d  
(Name of S u b s t a n c e ) "  as a p p r o p r i a t e  i n  a s s o c i a t i o n  w i t h  t h e  b a s i c  d e s c r i p t i o n  o f  t h e  
h a z a r d o u s  material last C o n t a i n e d  i n  t h e  p a c k a g i n g .  

If a p a c k a g i n g ,  Inc lud ing  8 t a n k  car ,  c o n t a i n s  r e s i d u e  that is a h a z a r d o u s  s u b s t a n c e  
the d e s c r t p t i o n  OD the s h i p p i n g  p a p e r  shall be p r e f a c e d  v i t h  the p h r a s e  "Wn: Last 
Contained (Nane o f  S u b s t a n c e ) "  and s h a l l  have  "Rq" e n t e r e d  b e f o r e  or  a f t e r  t h e  b a s i c  
d e r c r i p  t i o n .  

(2)  For cmpty tank cars,  see S e c .  174.25(c).  
(3) 

Danwrous Wen Wet - The words "Dangerous Uhen Uet"  a h a l l  be e n t e r e d  vn t h e  s h i p p i n g  p a p e r  
i n  a s s o c i a t i o n  v i t h  t h e  basic  d e s e t i p t i o n  v h e n  a p a c k a g e  c o v e r e d  b y  t h e  b a s i c  d e s c r i ? t l o n  
is  r e q u i r e d  to  be l a b e l e d  v i t h  a "DANGEROUS WKEN YET" l a b e l .  
Foisonotrs H a t e r i a l a  - No-ths tanding  t h e  Class tQ v h i c h  a material i s  a s s i g n e d :  
(1) If the name o f  t h e  ccmpound or p r i n c i p a l  c o n s t i t u e n t  t h a t  c a u s e s  t h e  m a t e r i a l  t o  meet 

the d e f i n i t i o n  of a p o i s o n  i s  n o t  i n c l u d e d  i n  t h e  p r o p e r  s h i p p i n g  name f o r  t h e  
material ,  t h e  name o f  t h a t  compound or c o n s t i t u e n t  s h a l l  b e  c n r e r e d  on t h e  s h i p p i n g  
paper i n  a s s o c i a t i o n  v l t h  t h e  s h i p p i n g  d e s c r i p t i o n  f o r  t h e  m a c e r i a l .  
The name of t h e  compound o r  p r i n c i p a l  c o n s t i t u e n t  may b e  e i t h e r  a t e c h n i c d  name Of 

any name f o r  the araterial t h a t  i s  l i s t e d  i n  t h e  NIOSH R e g i s t r y .  ( R e n l s c r p  O f  Y c x i c  
E f f e c t s  of  C h e - i c a l  S u b s t a n c e s ,  1 9 7 8  E d i t i o n )  [ S e c .  1 7 2 . 2 0 3 ( k )  1 
NOTE: F o r  a d d i t i o n a l  d e t a i l s ,  SP- S e c .  172 .203Ck)  

E x c e p t i o n s :  OTRER R E G L U T E D  XATERIAL ( O W  - A,  B, C,  AND D) 
(1) S k i p p i n g  p a p e r  r e q u i r e m e n t s  do n o t  a p p l y  t o  any  m a t e r i a l  o c h e r  t h a n  a h a z a r d o u s  w a s t e  

o r  a h a z a r d o u s  s u b s t a n c e  t h a t  i s :  
a. An OKY-A, B o r  C unless i t  i s  o f f e r e d  o r  i n t e n d e d  f o r  t r a n s p o r t a t i o n  by a i r  Or 

water =hen i t  is s u b j e c t  t o  t h e  r e g u l a t i o n s  p e r t a i n i n g  t o  t r a n s p o r t a t i o n  b? a i r  Or 
v a t e r  as  s p e c i f i e d  i n  S e c .  172 .101  ( P a t a r d o u s  M a t e r i a l s  Table); o r  

b. h 0 F t Y . D  u n l e s s  it i s  o f f e r e d  o r  k t e o d e d  f o r  t r a n s p o r t a t i o n  by a i r .  

( 2 )  
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MODAL REQUI-NTS 
(ADDITIONAL INFORHATIOH) 

N O T E :  In' a d d i t i o n  t o  t h e  b a s i c  r e q u i r e m e n t s  f o r  s h i p p i n g  p a p e r s ,  a d d i t i o n a l  i n f o r m a t i o n  i. 
l i s t e d  f o r  each mode. 

WSPORTATION BY RAIL 
I SHIPPING PAPES (See. 176.24) 

(1) Except. as p r o d d e d  in Paragraph (b) of  t h i s  s e c t i o n .  no oerson may accept f o r  trans- 
@ 

p o r t a t i o n  by r a i l  any hazardous r P r c e r i a 1  v h i c h  Is s u b j e c ;  t o  t h i s -  s u b c h a p t e r  unless 
he har r e c e i v e d  s s u p p i n g  p a p e r  p r e p a r e d  in a manner s p e c i f i e d  i n  Scc. 172.200.  
In uidlt ioo,  t h e  s h i p p i n g  paper  must i n c l u d e  8 c e r r i f i c a t e ,  i f  r e q u i r e d  by 
See. 172.204- Bonvcr; no m e m b e r o f  t h e  t r a i n  crev o f  8 trala t r a n s p o r t i n g  t h e  
h.+awlous material i s  r e q u i r e d  t o  have a s h i p p e r s  c e - r r l f i c a w a  t h t  shiu_i_3g paper- 
in h i e  p o r s e s s i o n  i f  t h e  o r i g i n a l  s h i p p i n g  paper  c o n t a i n i n g  the c e r t l f i c a t e  1s 
t h e  o r i g i n a t i n g  c a r r i e r s  p o s s e s s i o n .  
This subpart  does  n o t  a p p l y  t o  m a t e r i a l s  c l a s s e d  as OW-A. B. C o r  D. ( 2 )  . .  

B. ~~DDITIORAL DESCRIPTION FOR SHIPPING PAPERS [ S e e .  172 .203(g)  1 
(1) n e  shipping paper f o r  a r a i l  car  c o n t a i n i n n  a hazardous m a t e r i a l  m u s t  c o n t a i n  t h e  

~~ - -  - _ .  
n o t a t i o n  " P l a c a r d e d "  fol lowed by t h e  name 07 t h e  p l a c a r d  r e q u i r e d  f o r  t h e  r a i l  car. 
The rhipping paper  for e a c h  s p e c i f i c a t i o n  DQT 1 l U  o r  l l L A  tank car ( v i t h o u t  head 
r h i e l d r )  c o n t a i n i n g  8 flarmnrble compressed g a s  must c o n t a i n  t h e  n o t a t i o n  "DOT 11U" 
o r  "DOT 114A", a5 a p p r o p r i a t e ,  and e i t h e r  "Must b e  handled in a c c o r d a n c e  v i t h  
FRA E.O. No. 5" or "Shove to  rest  p e r  E.O. No. 5." - NOTE: F o r  a d d i t i o n a l  d e t a i l s ,  refer t o  P a r t  1 7 4 .  

(2) 

. TRANSPORTATION BY AIR 
A. SXIPPINC PAPERS ABOARD AIRCRAFT (Sec .  175.35) A copy o f  t h e  shipping paper6  r e q u i r e d  by 

S e c .  175.30(a)  (2) m u s t  accompany t h e  shipment It c o v e r s  during t r a n s p o r t a t i o n  aboard an 
aircraft.  
E: The d o c a n t s  r e q u i r e d  ( s h i p p i n g  p a p e r s  and n o t i f i c a t i o n  o f  pilot-in-con8nand) m y  be 

combined i n t o  o n e  document if it is g i v e n  t o  t h e  pilot-in-command b e f o r e  d e p a r t u r e  
of t h e  aircraft .  (See. 175.35(b)  1 .  

8. NOTIFICATION OF PILOT-I€~-COHKAvD (See. 1 7 5 . 3 3 )  The o p e r a t o r  o f  t h e  a i rcra f t  shal l  give 
t h e  pilot-in-conrmand t h e  f o l l o w i n g  i n f o r m a t i o n  in v r i t i n g  b e f o r e  t a k e o f f  (See .  1 7 5 . 3 5 )  : 
(1) 
(2 )  Location o f  t h e  hazardous m a t e r i a l  in t h e  a i r c r a f t ;  and 
(3) The results o f  t h e  i n s p e c t i o n  r e q u i r e m e n t s  by Sec. 175.30(b) .  - NOTE: For a d d i t i o n a l  d e t a i l s ,  r e f e r  t o  P a r t  1 7 5 .  

D e s c r i p t i o n  of h a z a r d o u s  material on s h i p p i n g  p a p e r s  (Sec.  1 7 2 . 2 0 2  and 1 7 2 . 2 0 3 1 ;  

3. TRANSPORTATION BY UATER 
A. SKIPPING PAPERS ( S e c .  176.24) A carrier nray n o t  t r a n s p o r t  a hazardous m a t e r i a l  by v e s s e l  

u n l e s s  the material is p r o p e r l y  d e s c r i b e d  on t h e  s h i p p i n g  paper i n  t h e  manner p r e s c r i b e d  
- i n  P a r t  172.  
B. CERTIFICATE (Scc. 176.27) 

(1) A c a r r i e r  may n o t  t r a n s p o r t  a hazardous m a t e r i a l  by v e s s e l  unless he has r e c e i v e d  a 
c e r t i f i c a t e  p r e p a r e d  in a c c o r d a n c e  w i t h  Sec.  172.204.  

( 2 )  In t h e  case o f  a n  i m p o r t  
t r a n s p o r t e d  by r a i l ,  h i g h v a y ,  or a i r ,  t h e  s h i p p e r  may c e r t i f y  on t h e  b i l l  o f  l a d i n g  o r  
o t h e r  s h i p p i n g  p a p e r  t h a t  t h e  hazardous m a t e r i a l  i s  p r o p e r l y  c l a s s e d ,  d e s c r i b e d .  
u a r k t d ,  packaged and l a b e l e d  a c c o r d i n g  to Part 172 or i n  a c c o r d a n c e  v i t h  t h e  r c c u l r e -  
n e n t s  o f  t h e  lWC0 Code. ( S e e  S e c .  1 7 1 . 1 2 )  

r x p o r t  shipment o f  hazardous m a t e r i a l s  which vlll n o t  be 

C. DA!GE?.OUS CARGO M I F E S T  (See. 1 7 6 . 3 0 )  The mster o f  a v e s s e l  t r a n s p o r t i n g  hazardous 
m a t e r i a l s  o r  h i s  r u r h o r i z e d  r e p r e s e n t a t i v e  s h a l l  p r e p a r e  a dazgerous c a r g o  Eanlfest. l i s t ,  
o r  stouage plan. 
requirements  of  C F R ,  T i t l e  49, o r  t h e  IHCO Code. 
nated holder  on o r  n e a r  t h e  v e s s e l ' s  b r i d g e .  ( S e e  S e c .  176.30 for d e t a i l s )  

D. EE*fIONS(Sec .  1 7 6 . 3 1 )  If a hazardous m a t e r i a l  is b e i n g  t r a n s p o r t e d  by  v e s s e l  L - c e r  :he 
a u t n o r i t y  o f  an c x c n p t i o n  and a copy o f  t h e  e x e z p t i o n  i s  r e q u i r e d  t o  be on board the 
v e s s e l ,  i t  t u s t  b e  k e p t  w i t h  t h e  dangerous c a r g o  u a n i f e s t .  
- NOTE; For a d d i t i o n a l  d e t a i l s ,  r e f e r  t o  P a r t  1 7 6 .  

T h i s  document may not  i n c l u d e  a = c e r i a 1  which I s  n o t  s u b j e c t  t o  t h e  
This docuoent must be k e p t  i n  a d e s i g -  
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E. ADDITIONAL DESCRIPTION FOR SHIPPING PAPERS [Sec .  172.203(1)] 
. (1) Each shipment by vater m u s t  have t h e  fol lowing a d d i t i o n a l  shipping paper e n t r i e s :  

a. I n d e n t i f i c a t i o n  of t h e  type o f  packages such as b a r r e l s ,  drums, c y l i n d e r s ,  and 
boxes ,  

b. The number of each type of packages including those  i n  f r e i g h t  c o n t a i n e r  o r  on 
a p a l l e t ,  and 

c. The gross  weight o f  each type o f  package o r  the indiv idual  gross  weight of each 
package. 

The shipping papers f o r  a hazardous material o f f e r e d  f o r  t ranspor ta t ion  by water t o  
any country o u t s i d e - t h e  United S t a t e s  must have in parenthes i s  t h e  t e c h n i c a l  name 
o f  the-material fuuowing- t h e  proper. sh*ppfng name- when the materlal is  d e s c r i b e d  
by  a "n.o.s;"-entxy- in Sec. -l?%.ZOL CHazardous Matetials -Table). For c=ancple: 
Corrosive liquid; P.O.S. ( a p r y l y l  chlor ide) . ,  Cormsirre mater ia l .  . H a v e m ~ ; ~  for  a 
mixture, only t h e  t e c h n i c a l  name o f - a n y  hazardous m a t e r i a l  giving t h e  mirture i ts  
hazardous- p r o p e r t i e a  must be  i d e n t i f i e d .  

(2) 

9. TRANSPORTATION BY HIGHWAY 
A. SHIPPING PAPERS (Sec. 177.817) 

(1) General - A carrier may n o t  transport a hazardous material unless it i s  accompanied 
by a shipping paper that i s  prepared in accordance with Sec. 172.201, 172.202,and 
172.203, 
Shipper's c e r t i f i c a t i o n  - An initial carrier may not  a c c e p t  hazardous materials 
o f f e r e d  f o r  t ranspor ta t ion  unless  t h e  shipping paper descr ib ing  t h e  material in-  
c ludes  a shipper 's  c e r t i f i c a t i o n  which meets t h e  requirements in See. 172.204 of t h i  
subchapter. 
t i r e l y  by p r i v a t e  c a r r i a g e  and f o r  bulk shipments t o  be transported in a cargo t a d  
supplied by t h e  carrier. [Sec. 177 .817(c) ]  
I n t e r l i n i n g  with carriers by rai l  - A motor carrier s h a l l  mark on t h e  shipping paper 
required by t h i s  s e c t i o n ,  if it o f f e r s  o r  d e l i v e r s  a f r e i g h t  c o n t a i n e r  o r  t ranspor t  
v e h i c l e  to a ra i l  carrier for  f u r t h e r  t r a n s p o r t a t i o n :  
a. 
b. 

A c c e s s i b i l i t y  o f  shipping papers:  The d r i v e r  and each carrier using t h e  v e h i c l e  
s h a l l  ensure t h a t  t h e  shipping paper is i e a d i l y  a v a i l a b l e  and recognizable  by 
a u t h o r i t i e s  in the  case of an a c c i d e n t  o r  inspec t ion .  [See  Sec. 177.817(e) f o r  
d e t a i l s ]  

(2) 

The c e r t i f i c a t i o n  i s  n o t  required  €or shipments to  be t ranspor ted  en- 

(3) 

[Sec. 177.817(c)1 
A d e s c r i p t i o n  o f  t h e  f r e i g h t  c o n t a i n e r  o r  transport v e h i c l e ;  and 
The kind of placard af f fxed to  t h e  f r e i g h t  c o n t a i n e r  o r  t ranspor t  Vehicle- 

(4)- -This  subpart does not -apply  t o  materials c l a s s e d  as an ORM-A, B, C o r  D. 
(5) 

B. ADDITIONAL DESCRIPTION rOR SHIPPING PAPERS [Sec.  172.203(h)] For  a d d i t i o n a l  d e s c r i p t i o n s  
f o r  Anhydrous ammonia see Sec. 1 7 2 . 2 0 3 ( h ) ( l ) ;  L i q u e f i e d  petrolerrm gas  see 
Sec. 172.203(h) (2) and Exemptioas see S e t .  172.203(a).  

10. SHIPPER'S CERTIFICATION (Sec. 172.204) 
A. GENERAL (Except B and D below) 

(1) Except as provided i n  paragraphs (b) and (c) of Sec .  172.204, each person who of fers  
a hazardous material f o r  t r a n s p o r t a t i o n  s h a l l  c e r t i f y  t h a t  t h e  material o f f e r e d  f o r  
t ranspor ta t ion  is in accordance wi th  t h e  r e g u l a t i o n s  by p r i n t i n g  (manually o r  
mechanically) t h e  f o l l l w i n g  s ta tement  on t h e  shipping paper conta in ing  t h e  required 
descr ipt ion :  

This  i s  t o  certify t h a t  t h e  above-named materials are properly  
c l a s s i f i e d ,  d e s c r i b e d ,  packaged, marked and l a b e l e d ,  and are i n  
proper condi t ion  f o r  t r a n s p o r t a t i o n  according t o  the  a p p l i c a b l e  
regula t ions  o f  t h e  Department bi 'Transportation.* 

NOTE: The works "herein-named" may b e  s u b s t i t u t e d  f o r  t h e  words "above named". 
*=: For hazardous vaste shipments,  t h e  words "and t h e  EPA" m u s t  be  added t o  the  

end o f  t h e  c e r t i f i c a t i o n .  [ S e e  CFR, T i t l e  4 0 ,  Sec. 262.21(b)] 
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B. AIR TRANSP~RTATION 
(1) General - C e r t t f i c a t i o n  conta in ing  t h e  following language may be used i n  p l a c e  o f  

the  c e r t i f i c a t i o n  required  by paragraph A(1) above: 
I hereby cert i fy  t h a t  t h e  c o n t e n t s  o f  t h i s  consignment are f u n y  
and a c c u r a t e l y  descr ibed  above by proper shipping name and are 
c l a s s i f i e d ,  packed, marked and l a b e l e d ,  and in proper condi t ion  
f o r  c a r r i a g e  by a ir  according to a p p l i c a b l e  n a t i o n a l  governmental 
regulat ions .  

(2) Duplicate Certificate - Each person who o f f e r s  a hazardous material t o  an aircraft 
o p e r a t o r  for t r a n s p o r t a t i o n  by air s h a l l . p t o v i d e  two (2) copies  o f  t h e  certificate. 
(Sec- 175.30) 

by air ,  -add. to the curtificate t h e  fQllavingata+pmmt: 
This shipment 3s  althin the l i m t t a t i o n s  prescr ibed  f o r - p a a * q c r /  
kargo-only aircraft- ( d e l e t e  nan-appli'cable) 

- -- - -<3) Passenger and Cerge-,Ldirc&t--- x'hazardourt mate- arc-oftercd-for traasportation 

-- . 

( 4 )  Radioact ive  Material - Each person who o f f e r s  any r a d i o a c t i v e  material f o r  trans: 
p o r t a t i o n  aboard a passenger-carrying aircraft shall sign (mechanically o r  manually) 
a p r i n t e d  Certificate s t a t i n g  that t h e  shipment conta ins  r a d i o a c t i v e  material in- 
tended f o r  use in, or i n c i d e n t  t o ,  r e s e a r c h ,  medical d iagnos is  o r  treatment.  - NOTE: See Sec. 175.10 f o r  except ions .  

SIGNATURE - The certificationa required above must be  l e g i b l y  signed (mechanically o r  
manually) by a p r i n c i p a l ,  officer,partner o r  employee of t h e  shipper or h i s  agent.  
[Sec.  172.204(d)] 
EXCEPTIONS - Except  f o r  a hazardous waste, no c e r t i f i c a t i o n  is  required for  hazardous 

(1) In a cargo tank suppl ied b y . t h c  carrier, o r  
(2) By t h e  shipper  as a private carrier except  f o r  a hazardous material t h a t  is to  be  

(3) No c e r t i f i c a t i o n  is  required  f o r  t h e  r e t u r n  of an empty tank car which previously  

. 

- C. 

D. 
material offered f o r  t r a n s p o r t a t i o n  by motor v e h i c l e  and transported: - I  

reshipped o r  t r a n s f e r r e d  from one carrier t o  another.  

contained a hazardous material and which haa not been c leaned o r  purged- 

- . _ - -  a -US' WASTE'MANIFEST INFORMATION 
- 

The fo l lowing information has been a b s t r a c t e d  from t h e  Code of Federal  Regulations (Cm), 
T i t l e  4 9 ,  P a r t s  100-177 and CFz1, T i t l e  4 0 ,  P a r t  262. 

1. DEFINITIONS 
A. HAzaaDoUS WASTE MANIFEST (CFR TFcle  4 0 ,  0262.20) 

A hazardous waste mani fes t  is a shipping.docunent on which a l l  hazardous vastes are 
i d e n t i f i e d .  
SEJIPPING PAPER - A shipping o r d e r ,  b i l l  of l a d i n g ,  mani fes t ,  o r  o t h e r  shipping 
document serv ing  a similar purpose and conta in ing  t h e  information required by 
5172.202, 1172.203 and 0172.204. 

B. 

2. WT HAZARDOUS MATERIALS MANIFEST REQUIRPWTS (5172.205) 
A. No person may o f f e r ,  t r a n s p o r t ,  t r a n s f e r  o r  d e l i v e r  a hazardous waste unless a 

hazardous waste manifest  is prepared, s igned,  c a r r i e d  and given as required of that 
person by 5172.205. 
The shipper  (generator) must prepare t h e  manifest in accordance with t h e  EPA 
Regula t ions ,  CFR T i t l e  4 0 ,  P a r t  262. 
The o r i g i n a l  copy of t h e  manifest must be  dated by,  and b e a r  the  handwritten signa- 

(I) Shipper (generator) of vaste a t  t h e  time it is offered f o r  t ranspor ta t ion ,  and 
(2) I n i t i a l  carrier accept ing  t h e  waste f o r  t ranspor ta t ion .  
A copy of t h e  manifest m u s t  be dated by, and bear t h e  handwritten s ignature  of t h e  
person represent ing:  
(1) Each subsequent carrier accept ing  t h e  waste f o r  t ranspor ta t ion ,  a t  t h e  time of 

acceptance ,  and 
(2) The designated faci l i ty r e c e i v i n g  t h e  vaste, upon receipt. 

B. 

C. 
ture o f  t h e  person represent ing  the :  . *  

D. 
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E. A copy o f  the mani fes t  bear ing  all required dates and s ignatures  m u s t  be:  
- (1) 

(2) 
( 3 )  
(4) 

Given t o  a person represent ing  e& carrier accept ing the waste for t r a n s p o r t a t i o n ,  
Carried during t r a n s p o r t a t i o n  i n  t h e  same manner as required f o r  shipping p a p e r s ,  
Given t o  a person represent ing  t h e  designated f a c i l i t y  rece iv ing  t h e  waste, 
Returned t o  t h e  sh ipper  (generator)  by t h e  carrier t h a t  t ransported t h e  waste from 
the United S t a t e s  t o  a fore ign  d e s t i n a t i o n  with a nota t ion  o f  the  d a t e  o €  departure 
from t h e  United S t a t e s ,  and 

(5) Retained by t h e  sh ipper  (generator)  and by t h e  i n i t i a l  and each subsequent carrier 
f o r  t h r e e  (3) y e a r s  from t h e  date t h e  waste was accepted by the  i n i t i a l  carrier. 
Each r e t a i n e d  copy must b e a r  a l l  required  s ignatures  and dates up t o  and including 
those entered  by the.-next person wha received-  the waste. 

-F* . *  The reqtriremeats of .5172-205(d) andX3%.da.-not apply to a rail carrier 4- when vaste --- is 

(1)- All o f  t h e  information r e q a i r e d  t o  b e  entered  on t h e  manifest (except genera tor  
and catrier i d e n r i f i c a t i o n  numbers-and t h e  generator 's  c e r t i f i c a t i o n )  is entered  
on the shipping paper c a r r i e d  i n  accordance with 5174.26(c) : 
The d e l i v e r i n g  rail carrier o b t a i n s  and retains a receipt f o r  the waste t h a t  i s  
dated by and b e a r s  t h e  handwritten signature of the  person represent ing t h e  
designated facility;  and 
A copy o f  t h e  shipping paper is r e t a i n e d  f o r  t h r e e  (3) years by each r a i l r o a d .  . 
t ransport ing t h e  waste. 

- - -- 4 

-del ivered -to a des ignated  facility by r a i l r o a d  if: 

(2) 

( 3 )  

The person d e l i v e r i n g  a hazardous waste t o  an initial  r a i l  carrier s h a l l  send a copy of 
t h e  manifest, dated and s igned by a r e p r e s e n t a t i v e  of t h e  r a i l  carrier, t o  t h e  person 
representing t h e  designated facility. 
A hazardous waste mani fes t  required  by CFR, T i t l e  4 0 ,  P a r t  262  containing a l l  t h e  infor-  
mation required by CFR, T i t l e  4 9 ,  Subpart C, may be used as the  shipping paper .  

A generator  (shipper) who t r a n s p o r t s ,  o r  o f f e r s  f o r  t r a n s p o r t a t i o n ,  hazardous waste 
f o r  o f f - s i t e  t rea tment ,  s t o r a g e ,  o r  disposal must prepare a manifest b e f o r e  t ranspor t ing  
t h e  waste o f f - s i t e .  
A generator  (shipper) m u s t  d e s i g n a t e  on t h e  manifest one f a c i l i t y  which is  permit ted t o  
handle the  waste descr ibed  on t h e  manifest. 
A generator  (shipper) may also designate  on t h e  manifest one a l t e r n a t e  fac i l i ty  which 
is permitted t o  handle h i s  waste i n  t h e  event  an emergency prevents d e l i v e r y  of t h e  
vaste t o  the primary designated facilitv- 
If t h e  t ranspor ter  (carrier) i s  unable t o  d e l i v e r  t h e  waste t o  t h e  designated f a c i l i t y ,  
t h e  generator  m u s t  e i t h e r  d e s i g n a t e  another  facility o r  i n s t r u c t  t h e  t r a n s p o r t e r  t o  
r e t u r n  t h e  waste. 

G. 

8. 

3. TBE "IFEST-GENERAL REQUIREMENTS (0262.20) 
A. 

B. 

C. 

D. 

4 .  MANIFEST INFORMATlON (5262.21) 
A. The manifest m u s t  conta in :  

(1) Manifest document number; 
(2) 

( 3 )  
( 4 )  

(5) 

Generator's (Shipper's) name, mai l ing  address ,  telephone number, and t h e  EPA 
i d e n t i f i c a t i o n  n d e r ;  
Name and EPA i d e n t i f i c a t i o n  number o f  each t ranspor ter  (carrier); 
N a m e ,  address and EPA i d e n t i f i c a t i o n  number o f  t h e  designated f a c i l i t y  and an 
a l t e r n a t e  fac i l i ty ,  i f  any; 
Descr ipt ion o f  t h e  vaste(s) (e.g. proper shipping name required by the  Department 
of Transportat ion Hazardous Materials Regulat ions  CFR, T i t l e  49, 5172.101, 
5172.202 and 5172.203); and 
Tota l  q u a n t i t y  o f  each hazardous waste by u n i t s  of v e i g h t  o r  volume, and the type 
and number of c o n t a i n e r s  loaded i n t o  o r  onto  t h e - t r a n s p o r t  v e h i c l e .  

B. C e r t i f i c a t i o n  [5262.2 l (b) ]  The fol1owing c e r t i f i c a t i o n  m u s t  appear on t h e  manifest:  
T h i s  is t o  certify t h a t  t h e  above named materials a r e  properly classif ied,  d e s c r i b e d ,  
packaged, marked, l a b e l e d  and are i n  proper condi t ion  f o r  t ranspor ta t ion  according 
t o  the a p p l i c a b l e  r e g u l a t i o n s  o f  the Department of Transportat ion and t h e  EPA" 

. 

(6) 

I ,  



5. COPIES OF MANTSEST REQUIRED (5262.22)  
The manifest  m u s t  c o n s i s t  o f  a t  least  t h e  number o f  c o p i e s  t o  provide t h e  g e n e r a t o r ,  each 
t r a n s p o r t e r  and t h e  owner o r  o p e r a t o r  o f  t h e  d e s i g n a t e d  f a c i l i t y  w i t h  one copy e a c h  f o r  
t h e i r  r e c o r d s  and a n o t h e r  copy t o  b e  r e t u r n e d  t o  t h e  g e n e r a t o r .  
USE OF THE MANIFEST (5262.23)  
A* The g e n e r a t o r  mu&: 

6. 

(1) 
(2) 

(3)  
The g e n e r a t o r  m u s t  g i v e  the t r a n s p o r t e r  the remaining c o p i e s  of  t h e  m a n i f e s t .  
SMp-t  of hazs-rdous waste w i t h i n  t h e  United S t a t e s  so le ly  b y  r a i l r o a d  oz water (bulk 
shipments only); t h e  g e n e r a t o r  must send three (3)  c o p i e s - &  t h e  manifest daced and 
s i g n e d  in a c c o r d a n c e  w i t h  5262.20 t o  t h e - m e r  o r  o p e r a t o r  o f  t h e  d e s i g n a t e d  f a c i l i t y .  
NOTE: 
PrOViSioM f o r  rai l  o r  water ( b u l k  shipment)  t r a n s p o r t e r s  see §263.20(e) .  

Packaging Hazardous Waste - 
c l a s s i f i c a t i o n  and packaging o f  hazardous waste p r i o r  t o  o f f e r i n g  f o r  t r a n s p o r t a t i o n .  
The requirements  for packaging will b e  found in t h e  Department o f  T r a n s p o r t a t i o n  
R e g u l a t i o n s  CFR, T i t l e  49, P a r t s  1 7 2 ,  1 7 3 ,  178 and 179.  
L a b e l i n g  Requirements (5262.31)  - P r i o r  t o  o f f e r i n g  a hazardous waste f o r  t r a n s p o r t a t i o n  
off-si te ,  t h e  g e n e r a t o r  ( s h i p p e r )  must l a b e l  e a c h  package in a c c o r d a n c e  w i t h  CFR T i t l e  
4 9 ,  P a r t  1 7 2 ,  S u b p a r t  E. 

off-site ,  t h e  g e n e r a t o r  must: 
(1) 
(2) 

Sign t h e  m a n i f e s t  c e r t i f i c a t i o n  by hand; 
Obtain t h e  handwrit ten s i g n a t u r e  o f  t h e  i n i t i a l  t r a n s p o r t e r  and d a t e  o f  a c c e p t a n c e  
of manifest; and 
Retain one copy i n  a c c o r d a n c e  w i t h  5262.40(a) .  

B-. 
C- 

C o p i e s  of t h e  m a n i f e s t  are n o t  r e q u i r e d  f o r  e a c h  transporter. For special 

7. PREPARATION OF IIAZARDOUS WASTE FOR SHIPMENT (5262.30)  
A- The g e n e r a t o r  ( s h i p p e r )  has  t h e  r e s p o n s i b i l i t y  f o r  t h e  

B- 

c- Markinn Requirements (0262.32) - P r i o r  t o  o f f e r i n g  hazardous waste f o r  t r a n s p o r t a t i o n  

Mark e a c h  package of t h e  hazardous waste; and 
Mark e a c h  c o n t a i n e r  110 g a l l o n s  o r  less o f f e r e d  f o r  t r a n s p o r t a t i o n  w i t h  t h e  
fol lowing words and i n f o r m a t i o n  d i s p l a y e d  i n  a c c o r d a n c e  w i t h  t h e  requirements  
of  CFR, T i t l e  49, Sec .  172 .304 .  

‘%AZARDOUS WASTE-Federal Law P r o h i b i t s  Improper D i s p o s a l .  If found, 
c o n t a c t  t h e  n e a r e s t  p o l i c e  or p u b l i c  safety a u t h o r i t y - o r  t h e  United 
S t a t e s  Environmental  P r o t e c t i o n  Agency” 
G e n e r a t o r ’ s  Name and Address 
M a n i f e s t  Document Number 

D. P l a c a r d i n g  Requirements (5262.33)  - P r i o r  t o  o f f e r i n g  a hazardous waste f o r  t r a n s p o r t a -  
t i o n  o f  f-site, t h e  g e n e r a t o r  must : 

(2) Offer t h e  in i t ia l  t r a n s p o r t e r  (carrier) t h e  a p p r o p r i a t e  p l a c a r d s .  (CFR T i t l e  49,  
(1) P l a c a r d  t h e  shipment ;  o r  1- 

P a r t  1 7 2 ,  S u b p a r t  F) 

NOTE: mis handout is d e s i g n e d  as a t r a i n i n g  a i d  Only. It does  n o t  relieve persons from 
i n g  d t h  t h e  Department of T r a n s p o r t a t i o n ’ s  Hazardous Materials Regulations* 
a u t h o r i t y  f o r  u s e  of s h i p p i n g  p a p e r s  i s  found i n  t h e  Code of F e d e r a l  Regulations, 

- 
49’ 

P a r t  100-177. 

NOTE: T h i s  m a t e r i a l  m y  b e  reproduced w i t h o u t  S p e c i a l  P - U i s s i o n  from this Office*  
Any ColmnentS - 

o r  recommendations s h o u l d  b e  s e n t  t o  t h e  a d d r e s s  below- 

DEPARRIENT O F  TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAMS ADM”ISTRATION 
MATERIALS TRANSPORTATION BUREAU 

INFORMATION SERVICES DIVISION, DW-11 
OFFICE OF OPERATIONS AND ENFORCEMENT 

WASHINGTON, D.C. 20590 

REVISED MAY 1981 



HAZARDOUS MATERIALS TRANSPORTATION 

GUIDE FOR MARKINGS 

Harking , x s - a d d r e s s e d  in the S a z a r d o u s  Haterials R c g u l a t i o u r  , refers t o  
a p p l i c a t i o n  of d e s c r i p t i v e  i n f o r m a t i o a ,  i n s t N c t i o o s , . t a u t l o a s ,  weight, retass 
d a t e s ,  o r  combination t h e r e o f  on o u t s i d e  packages  u r e q u i r e d  by T i t l e  L9, 
Code of Fcdcral Rrgdat ions  ( 4 9  CTR) , P a r t s  100-199. Earking a l s o  means 
applying che s p e c i f i c a t i o n  marks f o r  both i n s i d e  and o u t s i d e  c o n t a i n e r s  as 
r e q u i r e d .  
p l a c a r d i n g ,  as set  forth i n  19 CZR, P a r t s  100-199. 

T h i s  d e f i n i t i o n  dots aot i n c l u d e  t h e  r e q u i r e m e n t s  f o r  l a b e l i n g  and 

DESCIUPTIVE I?SFOR"IAIION 

/71 Andmony Chloride. Solid 

To: Johnson Pmductr Co. 
1020 Main SL 
Armsrrong.AK 0 I a650 v 

THIS SIDE UP 

/ 

All containers o f  hazardous  materials 
must, unless s p e c i f i c a l l y  u c e p r c d , ' b e  
m a r k d  v i t h  the proper shipping name of 
the c o n t e n t s  and the rime and address 
o f  either  the consignee o r  corsignor.  
This marking must be: 

1. Durable, in E n g l i s h ,  urd p r i n t e d  
on o r  a f f i x e d  t o  the s u r f a c e  o f  a 
package or on a label ,  tag,  o r  sign. - 

2. In s h a r p l y  c o n t r a s t i n g  c o l o r  t o  
its backgrormd. 

3. Unobrcured. 

4. Avay from other markings which v u 1  
r e d u c e  its ef f c c t i v c n e s s .  

e?ACKACES CONTAINIYG INSIDE COh'TAINERS VEICP, 
HOLD LIOUTD W A R D O U S  HATERIALS ( §  172.312) 

1. f n s i d c  c o n t a i n e r s  must be o r i e n t e d  
v i t h  c l o s u r e s  up. 

2 .  H u s t  be marked on o u t s i d e  "This End 
.Up" o r  "This Side Up". 

3. Arrws o t h e r  than those vhich show 
package o r i e n t a t i o n  must not  be u s e d .  
m e  use  or' U S 1  scanCard m6.11968 
"This Way Up" arrows is rccomenaed.  
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Comtive Mud. N.0.5. 
(Phosohoric Acid) 

To: Johnton P r o d m  Co. 
' +  

( I  172.302) 

L11 n.u.8. entries musr have the technical 
name o f  the cumodity  immediately f o l l o v i n g  
tbe (proper s h i p p i n g  name) f o r  erport  by 
water. 
n u t e r i r t  which  give the U t u c  its h i r u d  
need be i d e n e i e d . )  

(For -tures; only the hazardous 

1. If over  110 lbs. the g r o s s  weight  must 
b e  marked 00 the cuatrinar. 

2 ,  M u t t  be mrkcrd "TY?E A" o r  '*E B" 
u r e q u i r e d  in letters at hut 1/2** 
high. 

3 ,  For expo=, the Ietzerr GSA mzst 
f o l l w  the s p e c i f i c r c i o n  marking o r  
package certification. 

OIM UATEUALS ( 5  172.316) 

@ O M  u i a t e r i r l t  m u s t  be  designated k n c d i a t r -  
ly following or b e l -  the p r o p e r  r h i p p b g  

/ nme m r h g  within a rectangular border  
a p p r o x i a a t e l y  1/4" l a r g e r  ern the desig- 
nation.  This desfgnation must b e  one o f  
the fol loving :  

1. ORn-A 4 .  om< 
2. OKH-B-Kee? Dry 9. ORM-D 

a 3. om-B 6. OW-0-Mr 

(This marking is  the c e r t i f i c a t i o n ,  
f o r  s u r f  act t r a n s p o r t a t i o n ,  by the 
s h i p p e r  that the marerials i s  properly 
d e s c r i b e d ,  c l a s s e d ,  packaged, and 
l a b e l e d  and Fa p r o p e r  c o n d i t i o n  for 
t r m s p o r t a t i o n  , e t c .  1 

%en a DOT s p e c i f i c a t i o n  c o n t a i n e r  is r e q u i r e d  f o r  a c m o d l t y  md t h a t  c o n t a i n e r  
i s  f u r t h e r  ovtrprckcd in auoebcr c o n t a i n e r  meeting che requirements o f  5 5  1 7 3 . 2 1  
and 173.26, the o u u i d e  c o n t a i n e r  must be marked in coopl ianca  ~ 5 t h  5 173.2s. 

B-20 



@ CYLINDERS 

All cylinders must be marked fa compiiPnce v i t h  5 173.34 m d  5 173.301. 
c y l i n d e r s  having  beea p e r i o d i c a l l y  t e s t e d  m d  q u a l i f y i n g  for rtuse must be marked 
according  t o  the requirements  o f  $ 173.34 (e) (6) . 

Those 

a PORTABLE TAFUCS (I 172.326) 

For p o r t a b l e  tanks, the p r o p e r  s h i p p i n g  asme, in le t ters  at  l e a s t  2" in h e i g h t ,  
must be displayed on t v o  opposing s i d e s .  
displayed.  
t a t i o n  w i t h o u t  changing t h e  p r o p e r  s h i p p i n g  name on t h e  tank. P o r t a b l e  t a n k s  
u r i y f n g  compressed gases (DOT 51) m u s t  have a l l  i n l e t s  m d  o u t l e t s ,  a c c e p t  safety 
r e l i e f  d e v i c e s  marked t o  Indicate vhether they communicate vith l i q u i d  o r  vapor 
(5 178.245-6(b)). 

The name of the m e r  o r  lessee must be 
The c o n t e n t s  of the tank may no t  be changed and o f f e r e d  f o r  t r a n s p o r -  

OCARCO 1AN?3 CONTllLNZNG CUES (I 172 .328(c ) (d) )  

Cargo tasks must be marked, in l e t t e r s  of at  l e u t  2" in h e i g h t ,  w i t h  e i t h e r  the 
proper  i h i p p i n g  arrme or  .sa a p p r o p r i a t e  compop name, such rn " R e f r i g e r a n t  Cas". 
Each c a r g o  tank made t o  Specification HC 330 aad PIC 3 3 1  m u s t  be marked n e a r  the 
Spec. p l a t e ,  -in l e t t e r s  o f  8t least 2" i n  h e i g h t ,  NQ1 o r  QT, as a p p r o p r i a t e ,  t o  
d e s i g n a t e  diether made with quenched m d  tanpered  steel  o r  n o t .  
on ly  b e  rp.rked f o r  t h e  material c o n t a i n e d  t h e r e i n .  
i n l e t s  and o u t l e t s ,  except safety r e l i e f  d e v i c e s ,  marked t o  d e s i g n a t e  whether 
they c ~ r m i c a t e  v i t h  vapor or l i q u i d  vhen the tank is  f i l l e d  t o  i t s  maxirnm 
dlcmable f i l l i n g  d e n s i q  !I 178.337-9(c)) .  

Cargo t a n k s  must 
DO1 PIC 3 3 1  tmks m u s t  have 

.TANK CARS (I 172.330) 

Tank cars, d e n  r e q u i r e d  t o  be marked v i t h  t h e  proper  sh ipping  name by P a r t  1 7 3  
and 1 7 9 ,  must be marked 19 l e t t e r s  at  l eas t  4" in h e i g h t  v i t h  a t  least  a 5/8" 
stroke,  with the proper  r h i p p i n g  name o r  a p p r o p r i a t e  common name such as 
"Refrigerant Cas". 
clearly visible from either  s f d e .  
tid c o n t a i n e d  therein. 

These marklags must be m both sides of t h e  tank  car md 
Tank cars must o n l y  be marked f o r  t h e  mate- 

See fhe r e f e r e n c e d  s e c t i o n  f o r  r p e d r l  a p p l i c a t i o n  f o r  
1 0 6  md 210 C m L ;  c l t  CrokS. 

Reusable c y l i n d e r s ,  p o r t a b l e  tmks, c a r g o  tanks, and tank cars a r e  r e q u i r e d  t o  
be e i t h e r  visually inspected o r  r e t e s t e d  a t  p e r i o d i c  i n t e r v a l s .  
o r  t e s t e d ,  t h e  date o f  r e q u a l l f i c a t l o n  must be shown on the  container as s ta ted  
in S S  1 7 3 . 2 4 ,  1 7 3 . 3 1 ,  1 7 3 . 3 2 ,  1 7 3 . 3 3 ,  and l Y 3 . 3 4 .  

When so  inspected 
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REUS): OF CONTAXERS 

Some single trip c o n t a i n e r s  in t h e  DOT 17 Series may be q u a l i f i t d  for reuse by 
8 r r c o n d i t l o n e r  r e g i s t e r e d  v i t h  the Department o f  T r a a s p o r t a t l u n .  These drums 
m u S t  have their o l d  labels, exemption n d c r s  ( i f  m y )  md d e s c r i p t i v e  markings 
removcd.md m . ~ ~ t  be marked as r e c o n d i t i o n e d .  S p e c i f i c  rules f o r  this removal 
o f  n a r k l n g s  . n d  r e m a r k i n g  are c o o t t i n e d  .in S 173.28. 

0 U R C O  HEATEM 

Cargo heaters a u t h o r i z e d  f o r  use v i t h  flPmPable l i q u i d s  must be marked tr 
accordance vith 177.834(1) (2) ($1. 

l b e  requirements f o r  marking of motor  v e h i c l e s  i s  addressed in I 177.823, as 
well as s p e c i f i c  re l ief  in emergcncy s i t u a t i o n s  frw these requirements .  

SPECITICATIONS ON CONTAINERS 

zhe marking of r p e c i f i c a t i o n  c o o t a h e r r  m u s t  generally i d e n t i f y :  (1) the 
r p e c f f i u t i a n  t o  vhicb 8 container i s  made; . n d  (2) t h e  manufac tur+rr  sane and 
address or  symbol (registered Vi& the Euteau o f  Explosives). 
made to  a specification m u s t  cumply with the marking p r o v i s i o n s  o f  5 173.24. 
Certain u c e p t i o n s  f o r  Canadian m d  o t h e r  i m p o r t / e x p o r t  r l t u a t i o a r  nay be 
found in 5 8  171.12 and 173.8. Ln sane c u e s .  s p e c i f i c  detailed information, 

All  contalnrrs 

such u o r i g i n a l  test . d a t e . i n f o n n a t i c m  and type- o f  m ~ t e r l a l , .  m a y  be r e q u i r e d  
by t h e  a p p l i c a b l e  section o f  P a r t s  178 d 179. 

A d d i t i o n i l  marking r e q u i r e m e n t s  may be found in Parts 173 and 1 7 9 ,  either in 
g c n e r a l  terms o r  s p e c i f i c a l l y  by commodity. 

This p u b l i c a t i o n  i s  i n t e n d e d  t o  be used solely as a guide. 
all the r e q u i r e d  markings r e q u i r e d  in 49 CFR, Parts 100-199. 
compliance,  use o f  the c u r z e n t  r e g u l a t i o n s  is r e q u i r e d .  

This material may be reproduced v i t h o u t  s p e c i a l  permission from this o f f i c e .  

It does n o t  I n c l u d e  
To a s s u r e  t o t a l  

Dtpartmcnt o f  T r a n s p o r t a t f o n  
Research  and S p e c i a l  Programs Administration 
Materials T r a n s p o r t a t i o n  Bureau 
I n f o m a t  i o n  Services D i v i s i o n  (DMT-43) 
Washington, D. C. 20590 

Reprinted May 1978 
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APPENDIX C 

Shipping of Radioactive Materials 

From: THE HEALTH PHYSICS AND RADIOLOGICAL HANDBOOK 
Bernard Schleien and Michael S. Terpilak 
Nucleon Lectern Associates, Inc., 1984 
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Shipping of Radioactive Materials 

This chapter is intended to be a comprehensive guide to the more 
prominent and basic regulatory requirements for the safe transportation of 
radioactive materials. Information is included on the shippers' require- 
ments for limitation of activity content of packages, packaging, labeling, 
shipping documentation and control of radiation and contamination. 

Basic guidance also is included on the handling of transport incidents 
and emergencies during the transport of radioactive materials. 

The tables and illustrations in this chapter are directed toward the 
practical. The references listed in the bibliography are extensive, and 
should be consulted for a more detailed discussion of the information in 
this chapter. A great deal of the basic information contained herein is 
based on a Federal USDOT training publication which reviews the transport 
regulations f o r  radioactive material. (Pamphlet "A Review of the DOT 
Regulations for Transportation of Radioactive Material," Revised Fall 
1983) 
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Table 12.1 Regulatory Organizations And Sources 

Statutory authority to regulate safety in the transport of radioactive 
materials is vested principally in two Federal Agencies -- the U.S. Depart- 
ment of Transportation (DOT) and the U.S. Nuclear Regulatory Commission 
(NRC). The V.S.  Postal Service also has established rules for certain very 
small mailable quantities of radioactive material. Pursuanr to the Trans- 
portation Safety Act of 1974 ("Transportation Safety Act of 1974" ,  as 
amended, Public Law 93-633, 88 Stat. 2156, 49 USC 1808,  Jan. 3,  1975)  and 
earlier legislation, (The Department of Transportation Act of October 15, 
1967,  Public Law 89.670 Stat. 9 3 7 ,  49 USC 1657)  the DOT is the Federal agency 
charged with the overall responsibility to regulate shippers and carriers of 
all types of hazardous materials in interstate and foreign commerce. Under 
its authority of the Atomic Energy Act of 1954 ("The Atomic Energy Act of 
1954," as amended, Public Law 83-703, 68 Stat. 919,  42-USC Chapter 23)  and 
the Energy Reorganization Act of  1974 ("Energy Reorganization Act of 1974," 
as amended, 42 USC 58411,  the NRC regulates the use, possession and transfer 
(including transportation) of licensed byproduct, source and special nuclear 
material. 

- 

In certain Agreement States*, the state regulates the use, possession 
and intra-state transportation of byproduct and source materials licensed by 
the state. Common and contract carriers however are exempted from licensing 
to the extent that they possess, transport or store licensed material 
delivered by a licensee f o r  transport. Because of the overlapping and dup- 
licative authority to regulate transport of radioactive materials, the NXC 
and DOT have accomplished a written Memorandum of Understanding, ("Trans- 
portation of Radioactive Materials; Memorandum of Understanding", Federal 
Register, ( 44  FR 386901, July 2 ,  19791,  intended to avoid duplicative effort 
and conflicts. 

Table 12.1. Sources of Federal Regulations 
Transportation of Radioactive Materials 

Title 49 Department of Transportation's Hazardous Materials Regulations, (49 
CFR Part 100-77 "Hazardous Regulations" of the US Department of 
Transportation, Revised as of Oct. 1) 
Parts 100-177 and 178-179. 

Main Headings 

49 CFR 106 - Rulemaking Procedures 
49 CFR 107 - Hazardous Materials Program Procedures 
49 CFR 171 - General Information, Regulations and 

Definitions 

*States which have entered into an agreement with the NRC pursuant to 
Section 274 of the Atomic Energy Act of 1954,  as amended, under which the NRC 
has relinquished to such States the majority of its regulatory authority over 
source, byproduct, and special nuclear materials in quantities not sufficient 
to form a critical mass. 
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Table 12.1.  Sources of Federal Regulations 
Transportation o f  Radioactive Materials 
(continued) 

4 9  CFR 172 - Hazardous Materials Table and Hazardous 
49 CFR 173 - Shippers-General Requirements for Shipments 
49  CFR 174 - Carriage by Rail 
4 9  CFR 175 - Carriage by Aircraft 
49 CFR 176 - Carriage by Vessel 
49  CFR 177 - Carriage by Public Highway 
49  CFR 178 - Shipping Container Specifications 

Materials Communications Regulations 

and Packagings 

~~ ~ 
~ 

Title 10 C.S. Nuclear Regulatory Commission (10 CFR Part 71, "Packaging and 
Transportation of Radioactive Material." Revised annually as of January 1) 

10 CFR 7 1  - Packaging and Transportation of Radioactive Material 

Title 39 Postal Service (US Postal Service Publication No. 6, Dec. 1975 
"Radioactive Material, as amended by US Postal 
Bulletin, June 30, 1983, pages 2-5 . )  

Domestic Mail Manual, U.S.  Postal Service Regulations, Part 124. 
(Postal Regulations f o r  Transport of Radioactive Matter are 
published in U.S. Postal Service Publication #6, December 1975 and 
in the U . S .  Postal Manual and in the U.S. Postal Manual.) 
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Table 1 2 . 2  Definition of Radioactive Material 

For purposes o f  transportation, radioactive materials having a specific 
activity not exceeding two nanocuries per gram (0.002 c;Ci/gm) are not subject 
to regulation in transportation. This is, however, a “de minimus“ level 
vhich applies only to transportation. Fo r  purposes of licensing during use 
and possession, such materials may still be subject to regulation by NRC o r  
an Agreement State. 

Safety during the transport of radioactive material is achieved 
principally by the use of  proper packaging, considering the type, quantity 
and form of the material, and by limitation of the level of radiation from 
the material. 
controls .  
limitation within the package, the following factors must therefore be con- 
sidered: 

Much less reliance is placed on operational or carriers 
In establishing the proper type of packaging and activity content 

a. the type of material, e.g., the radionuclide; 
b. the quantity of radioactivity; and 
c. the form o f  the material, e.g., whether in: - 

1. Special form; o r  
2. Normal (non-special) form. 

Special Form and Normal Forms of radioactive material are illustrated in 
Figure 12.1. 

Table 12.3 Quantity Limits and Packaging 

After considering the -, quantity, and form of the radioactive - 
material, the appropriate packaging and limitationof the activity content of 
such packaging can then be established. Packaging types generally fall 

’ within one of the following broad types: 

Type A (Figure 12.2) 
Type B (Figure 1 2 . 2 )  
Excepted o r  exempt 
Strong Tight 



Table 12.4 A1/A2 System for Limiting Package Activity Content 

Prior to J u l y  1983, the regulations utilized a "transport group" system 
to establish activity content limits of packages. Under the old system, each 
radionuclide was assigned to one of seven transport groups. The activity 
limit of that material in normal form was the limit for the group, which was 
based on the most radioactive member of the group. 
materials, the Type A limit was the same for all nuclides -- 20 curies. 
After the A /A system each radionuclide is assigned an A and A value. The 1 2  1 A limit, based on external radiation considerations is the type 1 limit for 
that nuclide in special form. The A limit, based on radiotoxicity, is its 
limit in Type A packaging, when in normal form. The A /A values are used to 
derive limits for excepted (limited) quantities, radioactzve articles 
(devices), and low specific activity (LSA) materials. Quantities exceeding 
A or A are Type B. The table below lists typical A1/A2 limits for several 
common nuclides. 

F o r  special form 

2 
1 

1 2 

Table 12.4 Examples of A1/A2 Limits 

Symbol of 
Radionuclide 

Element and A (Ci) A2 (Ci) 
Element Numb er (Special Form) (Normal Form) 

l4C 

~~ 

Carbon (6) 1000 60 

l3'CS Cesium (55) 30 10 

99~0 Molybdenum (42) 100 20 

Uranium (92) 100 0.2 235u 

226R, Radium (88) 10 0.05 

201Pb Lead (82) 20 20 

239Pu Plutonium ( 9 4 )  2 0.002 

6oco Cobalt ( 2 7 )  7 7 

35s Sulfur (16) 1000 60 

'OS, Strontium (38) 10 0.4 

24 lAm Americium (95) 8 0.008 

192~r Iridium ( 7 7 )  20 10 



Table 12.5 Types of Packaging 

Figure 1 2 . 2  is an illustration of "Typical Type A Packaging Schemes." 
Type A packaging is that which must be designed in accordance with the 
applicable general packaging requirements as prescribed in the regulations 
(Sections 1 7 3 , . 2 4 ,  1 7 3 . 4 1 1 ,  1 7 3 . 4 1 2 1 ,  and which must be adequate to prevent 
the loss or dispersal of its radioactive contents and to maintain its 
radiation shielding properties if the package is subjected to normal con- 
ditions of transport. The regulations prescribe (Section 1 7 3 . 4 6 5 )  the per- 
formance criteria to simulate normal and rough handling conditions of 
transport. Typically, the Type A packaging prescribed in the regulations is 
the performance-based DOT Spec. 7 A  (Section 1 7 8 . 3 5 0 )  Type A general packaging 
f o r  which each shipper must make his own assessment and certification of the 
particular package design against the performance requirements. The 
regulatory framework, therefore, provides f o r  the use of Type A packaging 
without prior specific approval by DOT of the package designs via the use of 
DOT Spec. 7A performance specifications. Additionally, foreign-made Type A 
packages are acceptable internationally, provided they are so marked as Type 
A and comply with the requirements of the country of origin. 
noted that the shipper of each DOT Spec. 7A is required to maintain on file 
for at least one year after the latest shipment, and be prepared to provide 
to DOT a complete certification and supporting safety analysis demonstrating 
that the construction methods, packaging design, and materials of construc- 
tion are in compliance with the specification (see Section 1 7 3 . 4 1 5 ) .  The 
information in this file must show, through any of the methods given in 
Section 1 7 3 . 4 6 1 ,  that a l l  the requirements of Sections 1 7 3 . 2 4 ,  1 7 3 . 4 6 3  and 
1 7 3 . 4 6 5  are met. The file must also relate the contents of the package(s1 
being shipped to the contents which were used for testing purposes. 

It should be 

Except for a limited number of specification Type B packagings (e.g., 
DOT-6M) described in the DOT regulations, all Type B package designs require 
PRIOR APPROVAL of the U . S .  Nuclear Regulatory Commission o r  Department of  
Energy (DOE). (See Section 1 7 3 . 4 7 1  for standard requirements and conditions 
pertaining to NRC approved packages and Section 1 7 3 . 7  for DOE certified 
packages. 1 

"Type B Packages ," "Highway Route Controlled Quantities ,I1 and "Fissile 
Radioactive Materials" present more unusual and specific problems for 
packaging and carrier's operational controls. 
additionally controlled by the specific packaging standards as promulgated by 
the Nuclear Regulatory Commission in Title 10 CFR Part 7 1 .  Operational and 
administrative requirements for "highway route controlled quantities'' 
(formerly called "large quantities") are prescribed in 1 7 3 . 4 0 3  and 1 7 7 . 8 2 5 .  

These materials are 
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Type B Packaging (see Figure 1 2 . ? ) ,  must meet the general packaging 
requirements and all of the performance standards for Type A packages. In 
addition, it must withstand certain serious accident damage test conditions. 
After the tests, there must be only limited loss  of shielding capability and 
essentially no loss of containment. The performance criteria which the 
package designer must use to assess Type B packaging against these 
empirically established accident damage test conditions of transport are 
prescribed in the Nuclear Regulatory Commission regulations (10 CFR 71.73) 
and include the following: 

1. A 30-foot free drop onto an unyielding surface. 

2 .  A puncture test which is a free drop (over 40 inches) onto a 
six-inch diameter steel pin. 

3. Thermal exposure at 1,475"F for 30 minutes. 

4. Water immersion at 3 ft. depth for eight hours (for fissile 
materials packaging only). 

5. Water immersion at SO ft. for eight hours. 

Table 12.6 Limited Quantities, Instruments and Articles 

The A and A values are also used as a basis for defining the package 
quantity limits for limited quantities and both the item and package limits 
for radioactive instruments and articles, as illustrated below. Packages 
containing materials within these quantity limits are excepted from some of 
the requirements which apply to Type A packages. These exceptions include 
not having to provide seecification packaging, shipping papers, certifica- 
tion, marking or labeling. 
the limited quantity, instrument or article must meet. They include: 

1 2 

However, there are a number of conditions which 

1. 

2.  

3. 

4. 

5. 

6. 

Activity limits per package and, if appropriate, per instrument or 
article ; 

The materials must be packed in strong, tight packages that will 
not leak of the radioactive material during conditions normally 
incident to transportation; 

The radiation level at any point on the external surface of the 
package cannot exceed 0.5 millirem per hour; 

The external surface of the package must be free of significant 
removable contamination; 

For instruments or articles, the radiation level at 4 inches from 
any point on the surface of the unpackaged instrument or article 
may not exceed 10 millirem per hour; and 

A prescribed description of the contents on a document which is in 
or on the package or forwarded with it. 
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Table 12.6 

Limited Quantities, Instruments and Articles (continued) 

Instruments and Articles Vature of Contents- I/ 

Package limits I /  
Instrument 
and article limits- 

Solids 

I O-2A, * I  

I O-2A2 A2 

Special form 

Other forms 

Jquids 

Tritiated water 
C 0.1 Ci/liter - - 

0.1 Ci to 1.0 Ci/l - - > I .O Ci/Iiter - - 
Other liquids I o - ~ A ~  10-lA2 

aSes 
-- 

Tritium- 2/ 

Special form 

I Materials 

20 curies 200 curies 

I O - ~ A  I I O'2A ! 
2 

I 
Package limits 1 

I o - ~ A ,  

I o - ~ A ~  

1,000 curies 
IO0 curies 

I curie 

I o - ~ A ?  

20 curies 

I o - ~ A ,  

I O - ~ A  

1/ 

2 /  

For mixture of radionuclides see Section 173.433(b). 

These values also apply to tritium in activated luminous paint and 
tritium absorbed on solid carriers. 

- 
- 

Refer t o  Sections 173.421 through 173.424 f o r  the complete requirements 
pertaining to these materials. 

The U.S. Postal Service has revised its rules (U.S.  Postal Service 
Publication No. 6, Dec. 1975 as amended June 30, 1983.) for mailable radio- 
active materials. 
one-tenth the values listed above. 
mailable materials and the Postal Regulations should be consulted f o r  
complete specifications. 

The mailable amounts of material are now (since J u l y  1983) 
Other additional restrictions apply to 
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Table 12.7 Low Specific Activity (LSA) Materials 

The levels of radioactive materials packaging and methods of limiting 
activity contents during transport, as described previously except for the 
"deminimus" definition of .002  uCi/gm all have one common characteristic, 
e.g., limitation by total activity content of the package. 
extremely important transport classification for radioactive materials, e.g., 
"Low Specific Activity", or 'LSA" which is controlled and limited principaily 
on a specific activity, e.g., activity per unit of weight basis. 
Historically the LSA category was originally developed and premised on a 
basis of imposing less stringent packaging and shipment requirements on 
radioactive materials deemed to pose much less risk and were presumdbly 
"inherently safe". 
limited either on the specific activity basis or by name, tritiated water and 
surface contaminated objects. 
categories further; i.e., solids: 

There is another 

The categories of LSA have generally included solids, 

Looking at the most significant of these 

Solid LSA materials are limited to those in which the activity must be 
essentially uniformly distributed and in which the estimated average concen- 
tration per gram of material does not exceed: 

I .  

2. 

0.0001 millicurie of radionuclides for which the A2 quantity is not 
more than 0.005 Curies; 
0.005 millicurie of radionuclides, for which the A2 quantity is 
more than 0.05 Curies, but not more than 1 curie; or 

than 1 curie. 
3. 0.3 millicurie of radionuclides for which the A quantity is more 2 

In the original derivation of L S A  limits for solids in the international 
regulations, inhalation of dispersed airborne material was considered, and 
for modeling p rposes it was assumed that the airborne materials at a v r 
dusty (10 mg/m ) concentration was inhaled at the breathing rate of 2 m /h 
for a one-half hour exposure resulting in a 10 mg uptake. Little reliance 
was placed therefore on packaging requirements per se. More recently, the 
modeling and assumptions for solid L S A  materials have been under extensive 
reexamination by IAEA as well as DOT/NRC. It is anticipated that in the 
future proposed changes to LSA requirements will be published, aimed 
principally at establishing more realistic models so as to control hazards of 
beta-emitting as well as Gamma-emitting materials. It is likely that future 
regulations for LSA may include limitations on activity of such materials in 
packages, as well as more precise packaging prescriptions. 

Y f j y  

Solid LSA wastes include a very wide range of fuel cycle, industrial and 
institutional wastes; contributing a major portion of the materials which are 
transported from waste generator facilities to the commercial low level waste 
burial sites. 

ShiDment Reauirements for LSA Materials 

Under the DOT regulations in 4 9  CCX, the specific shipment requirements 

o Nonexclusive use shipments - "essentially Type A packages" 

The first method, "nonexclusive u s e "  transportation, requires that the 

for LSA materials depend upon the type of vehicle involved in the shipment: 

material be transported in essent1al:v a Type A package. "Essentially a Type 
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A" package means a package that must survive the physical tests, such as the 
drop and compression tests for Type A packages - but which is expected from 
some of the general Type A requirements. 
found in Section 173.465. 
design requirements, their integrity must be equal t o  a Type A. 

The actual test requirements are 
Although the packages are excepted from certain 

0 Exclusive use - "strong, tight package" 
LSA materials which are transported by conveyances assigned for the 

"exclusive use" of the consignor may be shipped in packages that are of less 
rigorous construction. Users of the exclusive use provision MUST ENS'URE that 
there will be no loading or unloading of the material except under the 
direction of the consignee or consignor. 
unloading, plus the requirement that the material be in exclusive use, safely 
allows the exception from certain packaging test requirements. Exclusive use 
L S A ,  therefore, is allowed to be made in the so-called "strong, tight 
package. I '  

The limitation on loading and 

There are no specific test requirements for the strong, tight packages. 
However, a performance criteria must be met -- there can be no release of 
radioactive content during transportation and like any other package of 
hazardous material, the requirements of Section 173.24 must be met. 
Materials which are consigned as exclusive use LSA shipments MUST have the 
packages marked "Radioactive L S A . "  
transported NUST be placarded with the RADIOACTIVE MATERIAL placard. 

And the vehicle on which they are being 

Certified TvDe A Packanes for LSA 

In general, approval of Type A package designs, by a regulatory agency 
is not usually required. The shipment of Type A quantities of radioactive 
material is more frequently made in designs conforming to DOT Specification 
7A. This specification is based solely on the performance test requirements 
of the regulations. Shippers utilizing such packagings are however required 
to maintain documentation of the results of their safety analyses of the 
design against the regulatory criteria. 

A major exception to the above involves shipments by USNRC licensees of 
- LSA materials in packages wherein the activity exceeds a Type A quantity. 
Ordinarily, under DOT regulations, LSA materials are not limited only on the 
basis of specific activity of the material, and not on total package 
activity. However, due to the provisions of 10 CFR Part 71 ,  the shipment of 
LSA in packages where the quantity exceeds Type A requires the use of 
certified Type A packaging. This certification is obtained by submittal of 
an application which addresses the results of the evaluation of the package 
against the Type A conditions, e.g., normal conditions of transport. 
Effectively therefore, Type B quantities of LSA material are required to be 
in NRC-certified Type A packagings. This exception is extremely Important to 
fuel cycle waste shipment considerations. The NRC has certified several 
dozen such Type A designs for LSA shipments. These are listed in the XRC 
Directory of certified packages. (NUREG-0383 "Directory of Certificates of 
Compliance for Radioactive Material Packagings," revised annually in three 
volumes). They each are similar in design and appearances to Type B packages 
(see Figure 12.2), but are not required t o  be subjected to the Type B tests. 
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Table 12.8 Fissile Radioactive Xaterials 

In addition to considerations for the radioactivity content, a shipper 
of radioactive materials which are also fissile, i.e., capable of sustaining 
a nuclear chain reaction, such as enriched uranium, plutonium, o r  U-233; must 
take account in the packaging design certain additional requirements which 
are intended to ensure against accidental nuclear criticality during trans- 
port of the material. These specific criteria and requirements are addressed 
in DOT and NRC regulations. Again, as in the case of Type B non-fissile 
package designs, only a few "DOT Specification" packages f o r  fissile radio- 
active materials are listed in 49 CFR, e.g., DOT-6L, DOT-6M, and DOT 20PF. 
Other designs which have been specifically approved and certified by NRC are 
listed in the NRC Directory of Certified Packages. (NUREG-0383 "Directory of 
Certificates of Compliance for Radioactive Material Packaging," revised 
annually in three volumes). For purposes of control of nuclear safety durir.g 
transport, each design is assigned a "fissile Class" number of 1 ,  2, o r  3, 
which is an indication of the degree of control to be exercised during trans- 
port to assure nuclear safety of the shipment. These controls are listed in 
the Table below. 

Table 12.8 
Shipment Controls for Fissile Radioactive Materials 

(Section 173.455) 

1. Fissile Class I -- Packages may be transported in unlimited numbers 
(Transport 1ndex"is based only on external radiation levels). 

2 .  Fissile Class I1 - Number of packages limited by aggregate maximum of 
transport indexes of 50 (50 unit rule). No single package may exceed a 
transport index of 10. Transport index shall be based on criticality o r  
external radiation level basis, whichever is most restrictive. 

3. Fissile Class 111 - Shipments of packages which do not meet the require- 
ments of Fissile Class I or 11. Controlled by specific arrangements 
between the shimer and carrier. (See Section 173.457(b)). 

* Fxposure r a t e  in rnrec/t;at three feet fromexternal surface of package. 
Table 12.9 Radiation Limits 

The regulations set limits on the external radiation on packages and in 
some cases on the vehicles transporting radioactive materials packages. 
These limits, which depend upon whether the packages are transported as 
non-exclusive use (mixed freight) o r  as exclusive use, are listed below: 

Table 12.9 Radiation Level Limits (173.441) 

Packages Transported As Son-Exclusive Vse: 
At Surface: 200 mrem/hour 
At 1 meter from package surface: 10 mrem/hr. 

Packages Transported As Exclusive Use 
At package surface: 1000 mrem/hour (in closed transport vehicle only) 

At 2 meters (6.6 ft.) from lateral surfaces of vehicle: 10 mrem/hour 
In occupied area of vehicle: 2 mremihour 
At outer surfaces of transport vehicle: 200 mrem/hour. 

Table 12.10 Contamination Limits (173.443) 

200 mremihour (un open vehicle) 

Regulatory limits are also set f o r  the allowable removable surface 
contamination on packages, as measured on wipe (smear) samples. These limit6 
are listed below: 
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Table 12.10 Removable External Radioactive Contamination Limits 

Removable External Radioactive Contamination Limits 

Xaximum 
p e m i  s sib le 1 irni t s 

7 
Contaminant 

uci / cm2 dpm I cmL 

Beta-gamma emitting radionuclides; all 
radionuclides with half-lives less than 
ten days; natural uranium; natural 
thorium; uranium-235; uranium-238; 
thorium-232; thorium-228 and thorium- 
230 when contained in ores o r  physical 
concentrates 10- 2 2  

5 

6 2 . 2  A l l  other alpha emitting radionuclides 10- 

In applying the limits of this table and the assessment of the surface 
contamination of a package, sufficient measurements (wipes) must be taken in 
the most appropriate location of a package surface so as to yield a represen- 
tative assessment of the non-fixed contamination,levels. 
samples may be done only within any given 300 cmL area that is wiped. 
packages transported as exclusive use, the removable contamination should not 
exceed ten times the levels prescribed here. Each transport vehicle used to 
transport packages with these higher units must be surveyed after use. 
Before release for other use, the vehicle must not be returned to service 
until the non-fixed contamination levels meet the above limits. 

Averaging of wipe 
For 

Table 12.11 Communications Requirements 

The regulations contain a number of "communications" requirements which 
are intended to convey certain hazard characteristic information to package 
handlers, carrier personnel, receivers, and the general public. These 
requirements include warning labels, vehicle placarding, and shipping paper 
descriptions. 

Warning Labels ( 172.403) 
Each package of radioactive material, unless excepted, must be labeled 

on two opposite sides, with a distinctive warning label. Each of the three 
label types bears the unique trefoil. symbol (Figure 1 2 . 3 ) .  The label alerts 
persons that the package contains radioactive materials and that the package 
may require special handling. A label with an all white background color 
indicates that the external radiation level is low ana no special handling is - 
required. If the upper half of the label is yellow, the package mav have an 
external radiation level o r  fissile properties reauirinn consideration during . .  
transportation. 
transport vehicle must be placarded UDIOXCTIVE. Placarding is discussed in 
more detail below. The criteria which the shipper must consider in choosing 
the appropriate label are listed below: 

If the package bears a yellow label wiih three stripes, the- 

Other package labels are illustrated in figures 12.k and 12.5. 

A vehicle placard is shown in figure 11.6 and its placenent illustrated 
in figure 12.7. 

Fo r  all labels, vertical bars on eacn label are in red. Each label i s  
diamond-shaped, four inches on each side, and has a black solid-line border 
one-fourth inch from the edge. The background color of the upper half 
(within the black line) is white f o r  the "I" label. It is yellow for the 
"11" and "111" labels. C-13 



Table 12.6 
Radioactive Materials Packages Labeling Criteria 

Section 172.403 
~ 

Transport Indexa Radiation Level at Fissile 
(T.I.) Package Surface Criteria 

(RL) 

Label 
Category 

N/A RL 2 0.5 millirem per Fissile Class I White - I 
hour (mrem/h) No Fissile Class 

11 o r  I11 

T.I. 1.0 0.5 mrem/h '- RL 2 50 Fissile Class I, Yellow - I1 
Fissile Class 11 
with T.I. 2 1.0, 
KO Fissile Class 111 

1.0 T . I .  50 mrern/h < RL Fissile Class 11 Yellow - 111 
with 1.0 c T.I., 
Fissile Class I11 

;i ExDOSUre rate in m r e i ; , / h  at three feet from external surface of package. 

b4ny package containing a "Highway Route Controlled Quantity" (173.403) must 
be labeled as Radioactive Yellow - 111. 

Table 12.12 Shipping Papers 

Like any shipment of regulated hazardous materials in commerce, each 
shipment of radioactive material must be accompanied by a properly completed 
and shipper-certified shipping paper (also known as bill of lading, afr bill, 
cargo manifest, etc.) For limited quantities and excepted radioactive 
articles, this shipping paper/certificate may be a specially worded notice 
which may be in o r  on the package (i.e., packing list), o r  separately accom- 
panying the shipment. The elements of information which must be included, as 
applicable, on shipping papers includes: 

( 1 )  Proper shipping name from Section 172.101; 

( 2 )  Hazard class (see Section 172.202(a)(2)), hazard class from Column 3, 
Section 172.101, except when the hazard class is contained in the 
shipping name ; 

(3) Identification number (see Section 172.202(a)(3) from Column 3A, Section 
172.101) ; 

( 4 )  Net quantity of material by weight o r  volume as stated in Sections 
17?.202(a)(4) and (c). For most radioactive materials packages, it is 
not required to list the weight o r  volume. The requirements of Section 
272.203(d) provide better indications of potential hazards and controls 
required. These requirements include the package contents as measured 
in curies and the transport index. A listing of weight o r  volume 
measurements for radioactive materials is usually needed only for 
establishing transportation charges; 

- 

(5) Radionuclide ( s )  contained in package (abbreviations are allowed). For a 
mixture of radionuclides, only those radionuclides which comprise 1% o r  
more of the total activity I n  the package must be listed; 

c- 1;. 



(6) Physical and chemical form of material, or statement that the material 
is "special form" (if it is special form). A generic description of 
material, such as protein, carbohydrate, enzyme, o r  organic salt, is 
authorized if exact chemical form is difficult to specify; 

(7) Activity in curies (Ci) , millicuries (mCi), or microcuries (UCi). If 
the package contains a "Highway Route Controlled Quantity ," those words 
must also be shown on the shipping papers; 

(8) 

(9) Transport index of the package if labeled WIOACTIVE Yellow-I1 or 

Category o f  RADIOACTIVE labels applied to package; 

RADIOACTIVE Yellow-111; 

(10) The information required in Section li2.?03(d)(I)(vi) must be included 
if the shipment is "fissile" radioactive material; 

(11) The identification markings shown on the package must appear on the 
shipping paper if the package is approvied and certified by the Nuclear 
Regulatory Commission or the Department o f  Energy, OR is certified by 
DOT or other National Competent Authority for international shipment. 

(12)  Other information as required by the mode of transportation or sub- 
sidiary hazard of the material. (See Section 172.203) .  

The regulations require that certain specific descriptive information 
must be included on shipping papers. Khlle there is no specification for 
shipping paper format, the first three entries of the description must be in 
a specific order (see above). Other descriptive information is allowed, such 
as the functional description o f  the product. However, other information 
must not confuse or detract from the required descriptions of the hazardous 
materials. 

Table 1 2 .  12 
Most Commonly Used Shipping Sames for Radioactive Materiala 

(From Hazardous Materials Table, Section 172.101) 

b Radioactive Material, Limited Quantity, r , . o . s .  
Radioactive Material, Instruments, and Articles 
Radioactive Material, Fissile, n.0.s. 
Radioactive Material, Low Specific Activity - or LSA, n.0.s. 
Radioactive Material, Special Form, n.0.s. 
Radioactive Material, n.0.s. 
Uranium Hexafluoride, Fissile (Containing more than 1% 

Uranium Hexafluoride, Low Specific Activity 

C 

U-235) - 

UN 2910 
UK 2911 
L" 2918 
UN 2912 
UN 2 9 7 4  
L" 2982 

C?; 2 9 7 7  
C S  2978 

~ 

a 

b 
Refer to Section 172,101 for other proper shipping names. 

n.0.s. means "not otherwise specified." 

Underlined words are not part of the proper shipping name. C 



Table 12.13. Transportation Accident Radiological 
Incident Call List 

Offices may have different names in your locale; change those below to fit 
your situation. 

Phone : 
Local law enforcement agency 

Phone : 
State radiological health office/civil defense 

Phone : Name : 
Local medical facility Physician 

Phone : Name : 
Local civil defense o r  disaster office Civil defense officer 

Phone : 
State Governor's Office 

Phone : Name : 
Mayor's office byor 

Phone : 
Local individual known to you to be trained as 
hazardous materials expert. 

T o l l  free: Calls from D.C. area: Calls outside L . S . :  

Phone : 800-42G-9300 L83-76 16 202-483-7615 
CHEMTREC * 

*CHMTREC is the Chemical Transportation Emergency Center, a public service 
of the Manufacturing Chemists Association, Washington, D . C .  CUEXTREC 
operates on a 24-hour basis and is designed to deal with chemical 
transportation emergencies. Note: CHEMTREC is not intended to function as a 
general information source. For more infomation, write: Manager, Chemical 
Transportation Emergency Center, 1825 Connecticut Avenue, N . W . ,  Washington, 
D.C. 20009. 

Phone : ( 6 1 7 )  482-8755 
NFPA* 

*NFPA is the National Fire Protection Association and provides information 
and training related to handling hazardous materials in emergencies invo1vir.g 
fire or the potential for fire. For more information, write: NFPA, it70 
Atlantic Avenue, Boston, MA 02210. 

Phone : Name : 
Additional contact* 

Phone : Name : 
Additional contact* 

*See Figure 12.8 and 12.9 for DOE and NRC Xegional Offices. 
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Figure 12.1 Forms o f  Radioactive Materials f o r  Transport 
From: A Review of the Department of Transportation (DOT) 
Regulations For Transportation of Radioactive Material 
(Summer 1980) 

“Special Form” R.A.M. (1 73.403 (2) and 173.469 (a)) 

May Present a Direct Radiation Hazard if Released From Package, but 
Little Hazard Due to Contamination 

“Special Form” R.A.M. May Be “Natural” Characteristic, i.e., Massive 
Solid Metal, or “Acquired” Through High Integrity Encapsulation 

Massive 
Solid Metal 

High Integrity 
Encapsulation 
as a Sealed Source 

High Integrity Weld 

Tantalum Inner 

Radioisotope 

High Integrity Welds 

Stainless Steel Capsule 
Outer Capsule 

Normal Form Radioactive Materials 49 CFR 173.403(s) 

Normal Form Matedals May Be Solid, Liquid or Gaseous and Include any 
Mated81 Which Has Not Been Qualified as Special Form 

Type A Package Limits are A2 Values 

Liquid in Bottle Within Waste Material in 
Plastic Bag Metal Container 

Powder in Glass 

Plastic Bottle 

Gas in Cylinder 
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Figure 12.2. Types of Packaging 
(From A Review of the Department of 
Transportation (DOT) Regulations f o r  
Transportation of Radioactive Materials 
(Summer 1980)) 

A l l  packaging design is directed at preventing the release of the 
radioactive contents and damage to the radiation shielding so that a 
severe radiological hazard will not develop. Because of the smaller 
quantities of material permitted in Type A packages, accidents that 
might cause damage to such packages would not be likely to result in 
serious radiation hazards. Therefore such packaging must only withstand 
moderate degrees of stress. These include conditions of heat, cold, 
reduced air pressure, vibration, impact, water, drop, penetration, and 
compression. The majority of radioactive material shipments are made in 
Type A packages. 

TYPICAL TYPE A PACKAGING 
PACKAGE MUST WITH STAND NORMAL CONDITIONS [173.398( B)) 
OF TRANSPORT ONLY WITHOUT LOSS OR DISPERSAL OF THE 
RADIOACTIVE CONTROL CONTENTS. 

FIBERBOARD BOX WOODEN BOX STEEL DRUM 

TYPICAL SCHEMES 
DOT SPECIFICATION 7A 
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Figure 1 2 . 2  (Continued) 

Type B packages are designed for transport of greater quantities of 
material. Since the potential for hazard resulting from damage to this 
type of package would be greater than that from a Type A package, there 
are  additional structural design requirements. 
standards for Type A packages, Type B packaging must withstand puncture, 
d r o p ,  thermal, and water immersion stresses that might be experienced 
under actual or hypothetical transportation accident conditions. 

In addition to meeting 

TYPICAL TYPE B PACKAGING SCHEMES 
PACKAGE MUST STAN0 BOTH NORMAL 173.398(811 AND 

ACCIDENT [173.398jCll TEST CONOITIONS WITHOUT LOSS Of 

STEEL OUTER ORUM 

THERMAL lMSUUTlOW 
BETWEEN CONTAIMERS 

snitioa INNER CONTAINER 

3”YlN .ALL AROUND 
TOP L BOnOY 

CONTENTS. 
EXTlRlOR S R A D l  S’’ 

OOUSUS flR PLYWOOD 

18 GAUGE STEEL ORUM OR OUTER COVER 
LA6 SCREWS 

ROOS 
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Radioactive-Y ellow 
(See $1 72.438) 

Radioactive-Whi ta 1 
(See Q172.436) 

/a\  
Radioac tive-Y 

(See $172. 
RADIOACTIVE 1 

I I  

18 
RIcDIOACTIVi rrrm 

'allow 
,440) 

111 

Figure 12.3 Labels Required on Exterior Package 

Three different labels are used on packages for radioactive material 
(see above). The required label is usually determined by the external 
radiation level or, in some cases, the type and quantity of radionuclide 
within the package (see Labeling Criteria table). Package labels must 
specify the radionuclide (contents) and quantity (curies). In addition, 
Yellow I1 and Yellow I11 labels contain the transport index, which is 
equal to the maximum radiation level at 3 feet from the package o r ,  f o r  
packages containing fissile material, the degree of nuclear safety 
control required, 



Figure 12.4 Radioactive Material Warning Labels 
(From DOTIRSPAIMTB-7918) 

All packages of radioactive material, with the exception of those 
containing Limited Quantities or Low-Specific-Activity materials (which 
would present no severe hazard if involved in an accident), must bear 
two identifying warning labels affixed to opposite sides of the outer 
package. 
however, they, like all shipments of radioactive material, must have 
standard yellow and magenta radiation warning labels on the inner 
containers. 

Limited shipments do not require outer package labeling; 

CAUTION 

A 

Warning 

Figure 12.5 

Labels 

Empty Label 
(From DOT/RSPA/MTB-7918) 

Reusable shipping containers are frequently transported in an empty, but 
possibly internally contaminated condition. When in transit, these 
containers must bear the EMPTY label shown below. There is minimal 
hazard from containers displaying this label. 

EMPTY 

Typical label required to indicate empty shipping container. 
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Figure 12.6 Vehicle Warning Placards 
(From DOT/RSPA/MTB-79/8) 

Placards 

The carrier must apply the RADIOACTIVE placard to the transport vehicle 
(rail or highway) if ANY radioactive material package on board bears a 
"Radioactive YELLOW-111" label (Section 172.440). The format for the placard 
is illustrated in Figure.12.7.The requirements for placarding are in Section 
172.504 and Table 1 footnotes of that Section. 

Figure 12.6 

(The background color f o r  the black trefoil in the upper half of this 12" x 
12" placard is yellow.) 

Vehicles transporting ANY package which contains a highway route 
controlled quantity must display the above placard upon the square white 
background with black border as specified in Section 172.507. 

For shipments of LSA materials in exclusive-use vehicles, the shipper is 
required to placard the transport vehicle, even though the packages of LSA 
within the vehicle are excepted from labeling requirements. 
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VANS  
PI acard 1 ng 
- 

FLAT 
Placarding 
- 

PLACARDS 

7\ 
On Front 01 Each 
Tractor Or Of 

Traalcr Eacn Ssde Of Tfa8ler Tiabler 
111 121 & 13) 

Or End Of 
Eacn Contanner 

Figure 12.7 Diagrammatic representation of placard 
location on vans and flatbed trucks 
(From DOT/RSPA/MTB-81/4) 

Figure 12.7 is a guide to placement of placards on motor vehicles. 
Where placards are impractical, i.e., on aircraft or water vessels, they are 
not required to be displayed. 
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Telephom Rogionol Coordinating Off ica Post Off ico Address 

1 Brookhevon Area Off ico Upton. L.I.. New York 11973 (516) 345-2200 
2 Oak Ridge Operations Offico p.0.  Box E. Oak Ridgo. Tennosno 37830 (615) 576-1005 

or 
(6151 525-7885 

3 Savannah River Operations Offico P.O. Box A. Aikon. S.C. 29801 (803) 725.3333 
4 Albuquerque Operations Office p .0 .  BOX 5400, Albuquerque. N. M. 871 15 1505) 264-4667 
5 Chicago Oporetions Office 9800 S. Cass Avo., Argonno. Illinois 60439 (312) 972-4800 

Off Dutv H r r  
(3121 972.5731 

6 Idaho Operations Office p.0.  Box 2108. Idaho Falls. Idaho 83401 (208) 526.1515 
7 Sen Francisco Operations Office 1333 Broadwav, Oakland. California 94612 (415) 273-4237 
8 Richland Operetions Off ice P .0 .  Box 550, Richland. Washington 99352 1509) 942-7381 

Address 

Region I Office of Inspection and Enforcement. USNRC 
631 Park Avenue. King of Prussia. Pennsvlvania 19406 
Region II. Office of Insoection and Enforcement. USNRC 
230 Peechtrn Street. N W . Suite 818. Atlanta. G A  30303 
Rogion I l l ,  Office of InrOectlon and Enforcement, USNRC 
799 Roouvdt Road. Glen Ellyn, Illinois 60137 
Rogion IV, Office of lnr~oction and Enforcement. USNRC 
61 1 Ryan P l u a  Drive. Suite 1000, Arlington. Texas 76012 
Region V ,  Office of Inwection end Enforcement, USNRC 
1990 N. C4ifornia Elvd.. Suit. 202, Walnut C r n k  Plaza 
Walnut C r n k ,  California 94596 

Telephone 
Daytime NightdHolidayr 

(2151 337.1150 (2151 337-1150 

(4041 526-4503 (4041 526-4503 

(312) 858-2660 1312) 858-2660 

(8171 334.2841 (8171 334-2841 

(415) 486-3141 (415) 486-3141 

F i g u r e  1 2 . 8  Department o f  
E n e r g y  r e g i o n a l  c o o r d i n a t i n g  
o f f i c e s  f o r  r a d i o l o g i c a l  
a s s i s t a n c e  and g e o g r a p h i c a l  
areas o f  r e s p o n s i b i l i t y .  

F i g u r e  12 .9  U n i t e d  S t a t e s  
N u c l e a r  R e g u l a t o r y  Commission 
r e g i o n a l  o f f i c e s .  
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WORK LOCATION PERSONNEL PROTECTION 
AND SAFETY EVALUATION FORM 

Attach Pertinent Documents/Data 

Fill in Blanks As Appropriate - 

Division nr \m 

of f  ice Denver, Colorado 

Prepared by Bill Somers/?!ark Selman 

Date 2 / ~ / 8 6  

A.  Work Location Description 

1. Name U.S.D.O.E. 

Reviewed by 

Date 

Approved by 

Date 

2. Location 

ROCKY FLATS PLANT T p f f a r s n n  ?nil n r ~ , ' .  ?plnrA do 

3. Type: HW Site ( X  ) Industrial ( X I  

Spill ( ) Construction ( f 

( x ) Existing WESTON Work Location 

Existing Client Work Location 

Other ( 1 Describe 

4 .  

., water sampling of Solar Pond 207 3-':0rth and interceutor =:en::?. D., - -  .i - -- ' i9q L _ 4 _ . .  

. ,  6,  Size plant buildines OCCUDV 3EL acres: total plant area is eleven sc-~are T : ~  

7. S u r  rounding Population no i-Tediate To?ulation withi-! 3 -nile r 2 d i - s  

8 .  Buildings/Homes/Industry zE?roxiaatelv l Q 2  StrurtCres eyist -? - 'n -  i ic 

plant site consi~tizg of - ? a n u i a c t u r i n g ,  chemical processi-2, ~!ut?rr-- 

recovery, waste treatrent, s ; ~ r ~ e  and aaministrative facilitlss. 
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B. 

9. 

10. 

11. 

12. 

Anticipated Weather clear, C C :  d a-d CY-.. 

U n u s u a l  Features 

\ 

Hczard Description 

1. 

2 .  

3. 

B a c k g r o u n d  Review: Complete ( 1 Partial ( X 1 

If partial, why? no a r 3 i c r c  a:r -?-i:er::s icr c r z a n i c  T : ; ? ? ~ T =  

Hazard Level: A (  1 B (  1 

Types of Eatards: (Attack additional sheets as n e c e s s a r y )  

A. Chemical ( ) In;”.alation ( S 1 Explosive ( ) 

Biological ( 1 I ? , ; e s t i o n  ( S )  02 Def.  0 

Ccntact ( .. .. -, . , x i c  



Section A(12) Work Location Description/Site History 

Site History 

Plant liquid waste streams are stored and treated by evaporation 
in solar ponds located a t  the northeast corner of the 
manufacturing complex. Waste streams entering these ponds 
include beryllium, plutonium processing wastes, elevated nitrate 
water and possible intermittent disposal of cutting o i l s .  
Monitoring data from R C R A  interim status wells indicates t h a t  
there may be subsurface migration of some of the more soluble 
solvent compounds into the groundwater from these ponds. Planned 
activities are to include monitoring for volatile organic 
priority pollutants in liquid in Solar Pond 207B-North and inter- 
ceptor trenches in the vicinity of the solar ponds. The liquid 
in Pond 207B-North w a s  pumped to a spray irrigation area on the 
west side of the plant. Surface and subsurface soil samples w i l l  

be taken in this area and a non-irrigated area and analyzed f 3 r  
chemical and radiological parameters. 

a 
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Describe 

C. Radiation ( x ) 

groundwater interceptor trenc5es 

4 .  Nature of Hazards: 

radioactivity hazard. KO ambient monitoring has been conducted for 
organic vapors. 
S o i l  ( x ) Describe S o i l  concentrations for organic vapors have n o t  
been determined. Plutonium concentrations in soil are low enough to n o t  
present a hazard. 

Surface Water ( ) Describe 
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7. work Location Instrument Readings ( 1 N/A 

Location 

% 0 2  

Radioactivity 

FID 

Other 

Location 

Radioact ivi tv 

FID 

Othe r 

Locat ion 

% 0 2  

Radioactivity 

FID 

Other 

Location 

% 09 

Radioactivity 

FID 

Other 

% LEL 

PID 

Other 

Other 

% LEL 

PID 

Other 

Other 

% LEL 

PID 

Other 

% 

Othe r 

LEL 

PI2 

Other 

Other 

8. Hazards expected in preparation for work assignment. ( 1 s i A  
. .  Describe: See attached diazra3 v d  -.. w o r k  In ra t inns  2nd 

the attached description o f  5::s activities and h a z a r d  decsriDtion 



C. Personnel Protective Equipment e 
1. Level of Protection 

A ( ) B ( 1 C ( x )  D ( ) Location/Activity: 

2075 S o r t h ,  sprav irrigation area. inter c e ~ t o r  t r p n r h  9P 

A ( 1 B ( 1 C ( 1 D ( ) Location/Activity: 

2 .  Protective’ Equipment (specify probable quantity required) 

Respiratory ( ) N / A  Clothing ( ) N / h  

( ) SCBA, Airline ( ) Fully Encapsulating Suit 

( x )  Full Face Respirator ( ) Chemically Resistant 
Splash Suit (Cart.- . B  

organic vapors 
( ) Apron, Specify 

( ) Escape Mask ( ) Tyvek Coverall 

( ) Saranex Coverall 

( ) None ( ) Coverall, Specify 

( ) Other ( ) Other 

( Other ( ) Other 

Head & Eye C ) N / A  Hand Protection ( ) S I A  

( ) Hard Hat (X ) Undergloves ? a t e x  
Type 

( ) Face Shield 

( ) Chemical Eyeglasses ( ) None 

( None 

( x 1 Other s a f e t v  E l a s c ; p s  if ( ) Other 

p r o t e c t i o n  is downgraded. 
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Foot Protection ( ) N / A  

(x ) Safety B o o t s  

( ) Disposable Overboots 

( ) Other 

3. Monitoring Equipment ( ) 

( ) CGI 

( x )  02 Meter 
( 1 Rad Survey 

( Detector Tubes 

Type : 

D. personnel Decontamination @ 
Required ( x 1 

Equipment Decontamination 

Required ( 1 

If required, describe and 

N / A  

(Attach 

(Attach 

( ) Other 

Diagram) 

Not Required ( 1 

Diagram) 

Not Required ( ) 

l i s t  equipment Soap and water w a s h ,  'water 

r i n s e  of equipment, a l c o h o l  r i n s e ,  collect r i n s a t e  f n r  ?r>. n9py " icnnc3  - ll ~. 

Rockwell Tersonnel. 
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E, Personnel 

NAME - 
1- “ark Selman 

2 -  Karen t io l l iway 

3 .  

4 .  

5 .  

6.  

7 .  

8 ,  

9 .  

WORK LOCATION 
TITLE/TASK 

MEDICAL 
CURRENT 

Sampler 0 

Sampler ( x  1 

0 

0 

0 

0 

0 

0 

0 

0 

F I T  T E S T  
CL’RRENT 

. (  x) 
( X I  
0 

0 

0 

0 

0 

0 

0 

0 

C E R T I F I C A T I O N  
L E V E L  

0 

0 

0 

0 

0 

0 

0 

S i t e  Safety Coordinator Williarn Sor?ers 
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H. Continuency C o n t a c t s  

Auencx 

F i r e  Department 

P o l i c e  Department 

Health Department 

Poison  C o n t r o l  Center 

S t a t e  Environmental 

EPA-Regional O f f i c e  

Agency 

EPA-ERT. I C O M  

S p i l l  C o n t r a c t o r  

S t a t e  P o l i c e  

F.A.A. 

C i v i l  Defense 

On S i t e  Coordinator  

S i t e  Telephone 

C o n t a c t  

o n - s i t e  s e r v i c e  

o n - s i t e  s e r v i c e  

C O  D e p t .  o f  H e a l t h  

Denver & v i c i n i t y  

CO D e p t .  o f  H e a l t h  

Region  VI11 

Phone Number 

303-956-2011 

?03-966-"311 

393-320-8333 

303-629-1123 

Cclo.  S t a t e  P a t r o l  

21 Co 

D i v .  o f  DIS. Emer. S e r .  

Chuck Illslev 

303-279-2511 

303-965-7079 

Nearest T e l e p h o n e  Guard P o s t  

(Locat ion)  

O t h e r  

I .  Continaencv P l a n s  

s p i l l ,  ~ c c i d e n t a l  Release ;  D~~~~ i b e  O n - s i t e  emergency c o o r d i n a t c r  

w i l l  implement c o n t i n g e n c y  p l a n  

F i r e  ~ x p l o s i o n ;  ~ e s ~ r  i b e  On-S i te  emergency c o o r d i n a t o r  t O  iElDieTe?at 

f i r e  and e x p l o s i o n  c o n t i n g e n c y  p l a n .  

O t h e r  ; Descr i b e  E v a c u a t i o n  bv s i g n a l ;  i n t e r n a l  communications airea?.. '  

e x i s t .  

E x i t  R o u t e s ,  Communication Systems ; Describe R o c k n e l l  intsrna! 

communication sys tems  e x i s t ,  e v a c u a t i o n  r o u t e s  on f i l e  a t  s i t e .  
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MEDICAL EMERGENCY 

Name of Hospital  S t .  Anthonv N o r t h  

Address: 3,551 West 8 k t h  Avenue Phone No. 303-399-1211 

Name Of Contact R o c k w e l l  m e d i c a l  s t a f f  

Address : Rock v F l a t s  P l a n t  Phone No. 303-966-29 11 

Route t o  Hospi ta l :  ( A t t a c h  Map) N e d i c a l  f a c i l i t i e s  are a v a i l a b l e  on 

p l a n t  s i t e ,  i f  f u r t h e r  t r e a t m e n t  i s  r e q u i r e d ,  R o c k y  F l a t s  a m b u l a n c e  w i l l  

b e  u s e d .  In extreme e m e r g e n c y ,  S t .  Anthonv F l i g h t  For L i f e  h e l i c o p t e r  

c a n  b e  u s e d .  

Travel  Time Distance t o  
From S i t e  ( M i n u t e s )  Hospital  (Miles) 

Name/Number of 2 4  Hr. Ambulance Service  O n - s i t e  
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HEALTH AND SAFETY PLAN 
APPROVAL/SIGN OFF FORMAT 

I have r e a d ,  unders tood,  and agreed w i t h  t h e  i n f o r m a t i o n  
s e t  f o r t h  i n  t h i s  Health and Safe ty  P l a n  ( a n d  attachments) 
and d i s c u s s e d  i n  t h e  Personnel  Heal th  and S a f e t y  b r i e f i n g .  

Name 

Name 

Name 

Name 

Name 

'S i te  S a f e t y  
Coordinator 

D i r e c t o r ,  Corporate  
Heal th  and S a f e t y  

P r o j e c t  Manager 

P r o j e c t  Direc tor /  
Department Manager 

S i g n a t u r e  

S i g n a t u r e  

S i g n a t u r e  

S i g n a t u r e  

S i g n a t u r e  

S i g n a t u r e  

S i g n a t u r e  

S i g n a t u r e  

S i g n a  t ur e 

Date 

Date 

Date 

Date 

Date 

Date 

Personnel Health and Sa fe ty  B r i e f i n g  Conducted By:  

Date 

Date 

Date 

S i g n a t u r e  C a t e  Name 
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ATTACHMENTS 

Section B8. Hazard Description 

Section C. Personnel Protective Equipment 
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Hazards Expected i n  P r e p a r a t i o n  f o r  Work Assignment 

- l ea se  r e f e r  t o  diagram of  proposed work l o c a t i o n s  

A. Area 1 - Spray  I r r i g a t i o n  

West of P l a n t  Boundar i e s  
s o i l  samples  w i l l  b e  c o l l e c r s d  i n  s i x  areas w i t h  a p o t e n t i a l  f o r  contami- 
n a t i o n  and s i x  n o n - i r r i g a t e d  a reas ,  
s p l i t  spoon t o  d e p t h  of 6" and 1 f o o t .  
j a r s  f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  
o n l y  t race  l eve l s  of  s e l e c t  v o l a t i l e  o r g a n i c  compounds i n  s h a l l o w  we l l s ,  
and ambient  a i r  m o n i t o r i n g  f o r  r a d i o a c t i v i t y  r e v e a l s  o n l y  background l e v e l s  
i n  t h i s  area.  
v a p o r s  have been c o l l e c t e d ;  however, background i n f o r m a t i o n  on t h e  compounds 
sp rayed  and t h e i r  c o n c e n t r a t i o n s  i n  t h e  e f f l u e n t  and i n  t h e  groundwater i n -  
d i c a t e s  t h a t  Leve l  C r e s p i r a t o r y  p r o t e c t i o n  ( f u l l  f a c e ,  a i r - p u r i f y i n g  res- 
p i r a t o r )  i s  suf  f i c  i e n t  f o r  planned work a c t  i v l t i e s  , 

The s a m p l e s  w i l l  be  c o l l e c t e d  u s i n g  a 
The s o i l  samples w i l l  be  p l aced  i n  

X o n i t o r i n g  w e l l  d a t a  h a s  i n d i c a t e d  

No real-time ambient a i r  m o n i t o r i n g  or a i r  samples  f o r  o r g a n i c  

i. P e r s o n n e l  P r o t e c t i v e  Equipment 

a )  R e s p i r a t o r y  P r o t e c t i o n  - f u l l  f a c e ,  a i r - p u r i f y i n g  r e s p i r a t o r  equipped 
w i t h  c o m b i n a t i o n  o r g a n i c  vapor  r a d i o n u c l i d e  c a r t r i d g e s  o r  c a n i s t e r s  s h a l l  
b e  u s e d  i n  Area 1 u n t i l  p o t e n t i a l  h a z a r d s  have  been a d e q u a t e l y  c h a r a c t e r -  
i z e d .  

b )  C l o t h i n g  - Saran  c o a t e d  Tyvek c o v e r a l l  w i t h  hood w i l l  be  used for 
work a c t i v i t i e s  i n  Area 1. 

c )  Head and Eye  P r o t e c t i o n  - Hard h a t s  w i l l  be  r e q u i r e d  head p r o t e c t i o n .  
Eye p r o t e c t i o n  w i l l  b e  a f f o r d e d  by t h e  u s e  of f u l l  f a c e  r e s p i r a t o r s .  If 
t h e  s a f e t y  c o o r d i n a t o r  e l e c t s  t o  downgrade t h e  l e v e l  of p r o t e c t i o n  from 
C t o  D b a s e d  on a i r  m o n i t o r i n g  i n f o r m a t i o n ,  S a f e t y  g l a s s e s  w i l l  be t h e  
r e q u i r e d  e y e  p r o t e c t i o n .  

d )  Hand and Foo t  P r o t e c t i o n  - L ' n t i l  o r g a n i c  and r a d i o a c t i v e  contaminant  
l e v e l s  a r e  q u a n t i f i e d ,  hand p r o t e c t i o n  w i l l  c o n s i s t  of a n  i n n e r  PVC o r  
L a t e x  g l o v e  and a n  o u t e r  n i t r i l e  g l o v e .  K i t r i l e  a f f o r d s  good p r o t e c t i o n  
from h a l o g e n a t e d  s o l v e n t s .  An o u t e r  c o t t o n  or l e a t h e r  work glove mal; be 
used i f  r e q u i r e d .  Requ i red  f c o t  p r o t e c t i o n  w i l l  be s t e e l - t o e d ,  s t e e l -  
shanked work b o o t s  and d i s p o s a b l e  l a t e x  r u b b e r  o u t e r  b o o t i e s .  

i i .  P e r s o n n e l  M o n i t o r i n g  

- O r g a n i c  v a p o r s  w i l l  be r . ~ n i t o r e d  u s i n g  a n  O V A .  

- Alpha a c t i v i t y  w i l l  be --- . , tored by t a k i n g  s p e a r s  on t h e  sa-ple 
c o n t a i n e r s  and checki7.g f a r  c o n t a m i n a t i o n  u s i n g  an a i r  p r o p o r t i o n a l  
d e t e c t o r .  Soil sa-ples F r e v r o u s l y  c o l l e c t e d  i n  t h i s  a r e a  r e v e a l  
o n l v  background a l p h a  a c c i - ; : t y  l e v e l s .  

- Oxygen and Combust ible  G ~ C E S  w i l l  n o t  b e  monitored because  all 
p lanned  a c t i v i t i e s  w i l l  .-::bir c u t s i d e .  



iii. Personnel Decontamination - Area 1 e Each work location will be divided into three distinct work zones similar 
to that pictured in the attached diagram of Site Work Zones. The Work 
Zones are as follows: 

Zone 1: Exclusion Zone - the zone where contamination does o r  could exist. 
All personnel entering the exclusion zone must wear the level of protection 
specified for that work area. 

Zone 3 :  Support Zone - area of work site considered to be non-contaminated 
(located upwind of the Exclusion Zone). This is a storage area f o r  support 
equipment and provides a point of personnel access and traffic control to 
the Exclusion Zone. 

Zone 2 :  Contamination Reduction Zone (CRZ) - provides a transition zone 
between the Exclusion Zone and the Support Zone to prevent the spread of 
contaminants from the Exclusion Zone. Decontamination is performed in 
this zone. 

A diagram of the minimum Level C decontamination layout is attached showing 
the required decontamination stages. Alpha activity will be monitored 
during each stage of decontamination. Personnel will repeat decontamination 
steps until background levels of activity are indicated. 

iv . Equipment Decontamination 

Equipment will be decontaminated to prevent spread of contamination to 
adjacent areas and reduce the possibility of cross-contamination between 
test holes. The split spoon should be the only equipment that will come 
in direct contact with contaminated soil. The following decontamination 
procedure should be initiated after each sample and prior to leaving the 
contamination reduction zone in each of the three areas tested: 

Step 1 - 

Step 2 - 
Step 3 - 
Step 4 - 

B. Area 2 - Pump 
Water samples 

Brush excess soil from split spoon and wash with an alkaline, 
non-sudsing detergent. 

Rinse with tap water and distilled water. 

Rinse with methanol. 

Survey with both the OVA probe and the alpha detector probe tic 
determine if any residual contamination exists. If so, repeat 
steps 1, 2 ,  anc 3 until no contamination is detected. Proceed 
to next sampling location. 

House 

will be collected from the still well in the interceptor trenc:? 
pump house f o r  the purpose of detecting the presence of priority pollutant 
compounds. Background information suggests the potential for encountering 
alpha radioactivity, tritium and volatile organics in the liquid due to pond 
seepage. 
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i. Personnel Protective Equipment 

Personnel protective equipment required for Area 2 will be identical to 
that used in Area 1 (Spray irrigation area). 

Level C protection was selected because the main hazard presented in Area 
2 is the potential for ingestion and/or inhalation of particulates con- 
taminated with alpha emitters. Adequate protection from these hazards is 
afforded by an air-purifying full-face respirator equipped with combi- 
nation organic/radionuclide cartridges o r  canisters. 

In addition, all work activities and decontamination procedures will be 
monitored continuously with real-time instruments to assure proper levels 
of personnel protection and efficient decontamination. 

ii. Personnel Monitoring 

- The presence of organic vapors will be monitored using an OVA. 

- Alpha activity will be monitored with air proportional alpha survey 
meters and by counting smears taken on equipment. 

- Oxygen and Combustible Gases will be monitored because of the 
possibility of accumulation in the pump house. 

iii. Personnel Decontamination (identical to Area 1). 

iv. Equipment Decontamination (identical to Area 1). 

C. Area 3 - Solar Pond 207B North 
Water and sediment samples are to be collected from this pond. Pond seepage 
collected by interceptor trenches is pumped into this pond. The intercepted 
groundwater generally contains slightly elevated concentrations of alpha and 
beta radioactivity and tritium. The major chemical constituent is nitrate 
at concentrations ranging from 500 to 800 mg/l. Additionally, two samples 
that were collected to meet an NPDES discharge permit requirement were found 
to have trace concentrations ( 2  to 3 ppb) of chloroform and trichloroethylene. 

No real-time ambient air monitoring o r  air samples for organic vapors have 
been collected at the site. Background information and analytical data of the 
liquid in the pond indicates that Level C respiratory protection (full face, 
air-purifying respirator) is sufficient for planned work activities. 

i. Personnel Protective Equipment (identical to Area 1). 

ii. Personnel Monitoring (identical to Area 1). 

iii. Personnel Decontamination (identical to Area 1 ) .  

iv. Equipment Decontamination (identical to Area 1 ) .  







EXCLUSION ZONE 

CONTAMINATION 
RIN SA TE S 
CON TAINED 
FOR DISPOSAL REDUCTION +- OUTER GARMENT 

WASH a RINSE 

ZONE 
OUTER BOOT & GLOVE REMOVAL 

OUTER GARMENT REMOVAL 

INNER GLOVE WASH/RINSE 

FACE  PIECE REMOVAL 

h INNER GLOVE REMOVAL 

FIELD WASH dl 

MINIMUM DECONTAMINATION 

LAYOUT 

SUPPORT ZONE 

LEVEL C PROTECTION 
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GEOLOGICAL AND HYDROLOGICAL SITE CHARACTERIZATION 
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1.0 INTRODUCTION 

This Work Plan describes the tasks and activities to be performed 
at the Rocky Flats Plant in order to characterize site geology, 
hydrology and water quality. Detailed procedures for sampling 
and analysis, data management, laboratory analysis, quality 
assurance, and health and safety are contained in the Project 
Operations Plan. 

1.1 SITE LOCATION AND HISTORY 

The Rocky Flats Plant is located in northern Jefferson County, 
Colorado, approximately 16 miles northwest of downtown Denver 
(Figure 1) . The site consists of approximately 6550 acres of 
federally owned land in sections 1 through 4 and 9 through 15 of 
T. 2 S., R. 7 0  W. Major plant structures are located within the 
plant security area of approximately 400 acres. The security 
area is surrounded by a buffer zone of approximately 6150 acres. 

0 
The Rocky Flats Plant is a government-owned and contractor- 
operated facility. It is part of a nation-wide nuclear weapons 
research, development, and production complex administered by 
the Albuquerque Operations Office of the U . S  Department of 
Energy (DOE). The prime operating contractor for the Rocky 
Flats Plant is Rockwell International. 

The plant is a key DOE facility that produces components for 
nuclear weapons; therefore, its product is directly related to 
national defense. The plant is involved in 'fabricating compo- 
nents from plutonium, uranium, beryllium, and stainless steel. 
Production activities include metal fabrication and assembly, 
chemical recovery and purification of process-produced tran- 
suranic radionuclides, and related quality control functions. 
Research and engineering programs supporting these activities 
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involve chemistry, physics, materials technology, nuclear safety, 
and mechanical engineering. 

Approximately 129 structures on the plant site contain approx- 
imately 2.63 million square feet of floor space. Of this space, 
major manufacturing, chemical processing, plutonium recovery, 
and waste treatment facilities occupy about 1.65 million square 
feet, and major laboratory and research buildings occupy about 
170,000 square feet. The remaining floor space is divided among 
administrative, utility, security warehouse, storage and 
construction contractor facilities, and occupies about 814,000 
square feet (Rockwell International, 1985) . 
The Rocky Flats Plant was constructed in 1951, and limited 
operations began in 1952 under direction of the Atomic Energy 
Commission. In 1975, responsibility for the plant was assigned 
to the Energy Research and Development Administration, which was 
succeeded by DOE in 1977. Dow Chemical Company was the prime 
operating contractor at the facility from 1951 until 1975, when 
Rockwell International was awarded the contract. 

1.2 PROJECT OVERVIEW 

A comprehensive, phased program of site characterizations, 
remedial investigations, feasibility studies and remedial/cor- 
rective actions is in progress at Rocky Flats pursuant t o  DOE'S 
Comprehensive Environmental Assessment and Response Program 
(CEARP) and an Agreement in Principle signed by representatives 
of the U.S. Department of Energy, the U.S. Environmental Pro- 
tection Agency (EPA) and the State of Colorado (CDH) on June 4, 
1986. The Agreement addresses hazardous and radioactive waste 
management at the Rocky Flats Plant. The program developed by 
DOE, EPA, and CDH in response to the Agreement addresses RCRA and 
CERCLA issues and has been integrated with CEARP investigations. 

-3- 
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Specific projects and schedules for ground-water related activi- 
ties have been developed within the broad categories of Site 
Characterizations and Corrective Actions and Closure and Post- 
Closure Plans. 

This program can be subdivided into four phases. Phase I will 
result in the characterization of site geology, hydrology, and 
water quality with investigations focusing on areas of suspected 
contamination sources. Phase I includes a detailed character- 
ization of ground water and water quality in the vicinity of the 
solar ponds and preparation of closure and post-closure plans. 
Phase I1 will focus on characterization of potential contaminant 
sources and delineation of contaminated ground-water plumes. 
Phase I11 will include risk assessments and feasibility studies 
of remedial alternatives, and Phase Iv will involve design and 
implementation of remedial action(s). 

0 
1.3 OBJECTIVES 

This work plan has been prepared to obtain the necessary data for 
geological and hydrological characterization of the Rocky Flats 
Plant. It encompasses sampling, mapping, and characteriza- 
tion of surface and subsurface geology, soils? sediments, surface 
and subsurface hydrology, and water quality at Rocky F l a t s  and 
surrounding areas as necessary to understand local and regional 
hydrology. The plan has also been developed to obtain ground- 
water quality data in the vicinity of the solar ponds. 

a 

Specific objectives of this plan are: 1) to.characterize Rocky 
Flats geology, hydrology, and water quality in support of a 
revised RCRA Part B permit application to be submitted to the 
Colorado Department of Health on November 28, 1986, and 2) to 
serve as the first phase of a remedial investigation of potential 
hazardous and radioactive waste sites at the Plant under CEARP. 
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The work plan is based on a summary of existing data (Rockwell 
International, 1986a) and a preliminary prioritization of 
potential contaminant source areas for remedial investigations 
(Rockwell International, 1986b). 

1.4 PROJECT REPORTS 

The following documents will be prepared based on the results of 
the site characterization: 

1) Post-Closure Plan for the Solar Evaporation Ponds/Surface 
Impoundments 

The post-closure plan will address regulatory requirements 
of 40 CFR 264 and 270. The plan will be based on data 
obtained through September 30, 1986. The plan will include 
details of the ground-water monitoring program, an assess- 
ment of ground-water contamination resulting from solar 
ponds leakage, and an evaluation of the effectiveness of the 
existing ground-water interceptor trench system below the 
solar ponds. 

2) Ground-water Monitoring and Protection Section of Revised 
RCRA Part B Permit Application 

This report will detail results of the site characterization 
investigations. The report will include information 
addressing the Part 100, Part 264, and Part 265 ground-water 
requirements for a Part B permit application, interim status 
compliance, and solid waste management units. The appli- 
cation will be based on data obtained through September 30, 
1986 . 

- 5 -  
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2.0 INITIAL SITE EVALUATION 

This section briefly characterizes the Rocky Flats Plant site 
based on existing data. Included is a discussion of the hydro- 
geologic setting, past waste disposal practices, a preliminary 
prioritization of potential contaminant source areas, and the 
nature and extent of contamination. 

2.1 HYDROGEOLOGIC SETTING 

2.1.1 Geology 

The Rocky Flats Plant is located on the northwestern flank of the 
Denver Basin, a large asymmetric syncline containing up to 13,000 
feet of sedimentary rocks (Costa and Bilodeau, 1982). The basin 
trends north-south with a steep western flank and gently dipping 
eastern flank. The western flank is bounded by high angle 
reverse faults (the Golden Fault and others) located several 
miles west of the plant. 

A s  shown in Figure 2 and Figure 3, the upper 800 feet of sedi- 
mentary Cretaceous formations beneath the Rocky Flats Plant 
include the Fox Hills Sandstone, the Laramie Formation, and the 
Arapahoe Formation, in ascending order. The Fox Hills Sandstone 
and the Laramie Formation outcrop west of the plant where they 
are nearly vertical. These beds dip eastward approximately 5 to 
15 degrees beneath the plant (Hurr, 1976). 

Bedrock immediately beneath the Rocky Flats 'Plant consists of 
the Cretaceous Arapahoe Formation. The formation strikes 
generally north-south and dips 5 to 15 degrees east toward the 
Center of the Denver Basin (Hurr, 1976). The Arapahoe Formation 
consists of interbedded claystones and lenticular sandstones. 
The sandstone lenses are concentrated near the base of the 
formation (Hurr, 1976). Based on available data, most of the 
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bedrock beneath the site appears to be claystone (Hydro-Search, 
Inc., 1985). 

Surf icial materials beneath the Rocky Flats Plant consist 
primarily of the Quaternary Rocky Flats Alluvium which forms a 
relatively flat and erosion resistant surface (Figure 4 ) .  The 
east-west trending drainages of Walnut and Woman Creeks dissect 
the alluvium, and the plant is located on a terrace between the 
drainages. The Rocky Flats Alluvium consists of poorly sorted 
sands, gravels, and cobbles in a clay-matrix up to 50 feet thick. 

valley fill and colluvial materials are present in the drainages 
and on slopes along the edge of the Rocky Flats Alluvium terrace. 
These materials overlie the Arapahoe Formation and consist of 
sandy silt and clay with some sand and gravel lenses. They range 
from 0 to 25 feet in thickness. a 
2.1.2 Ground-Water Hydrology 

Two ground-water flow systems are present beneath the Rocky Flats 
Plant. A shallow flow system occurs in surficial materials, and 
a deeper flow system occurs in the claystones and sandstones of 
the Arapahoe Formation (Hydro-Search, Inc., 1985). 

The shallow flow system in the Rocky Flats Alluvium, colluvium, 
and valley fill alluvium is recharged by infiltration of incident 
precipitation. Ground-water flow in the shallow system is 
generally from west to east but a l s o  toward the drainages follow- 
ing topography. Some ground-water discharge occurs along the 
edges of the Rocky Flats Alluvium as small springs and seeps. 
Ground water in the drainages also flows eastward within valley 
fill alluvium. In addition, ground water in both of these 
materials recharges the bedrock flow system (Hydro-Search, Inc. , 
1985) 
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The majority of ground-water flow in the Arapahoe Formation 
occurs in the lenticular sandstones (Hydro-Search, Inc. , 1985). 
Recharge to the sandstones occurs where they subcrop beneath 
overlying surficial materials or by leakage through claystones in 
contact with surficial materials. Ground water in the sandstone 
units flows eastward toward the regional discharge zone along the 
South Platte Rivel: (Robson et al. , 1981). 

2.1.3 Surface-Water Hydrology 

There are three intermittent drainages present at the Rocky 
Flats Plant site (Figure 4 ) .  Walnut and Woman Creeks drain the 
plant and Rock Creek crosses the northwestern corner of the 
property. Interceptor ditches are present at the plant to 
collect and divert runoff from the plant operational areas. 

Three tributaries of Walnut Creek originate within the plant. 
North Walnut, South Walnut, and a northern unnamed tributary 
drain the northern portion of the plant and flow eastward. The 
confluence of these three drainages is east of the plant in the 
buffer zone where they join to form Walnut Creek. Walnut Creek 
flows eastward into Great Western Reservoir. 

Woman Creek drains the south side of the plant and flows eastward 
into Standley Lake. Rock Creek drains the extreme northwestern 
corner of the plant and flows northeast across the plant buffer 
zone. Rock Creek does not receive runoff'directly from the 
plant site. 

Several retention ponds designated as the A ,  B, and C series 
ponds are located in the drainages of Walnut and Woman Creeks 
(Figure 5). The four A series ponds are located in the North 
Walnut Creek drainage and are designated A-1, A-2, A-3, and A-4 

0 
-11- 



I 

. 

. . 

- 12- 



Date: 7 / 2 1 / 8 6  
Revision NO. o 

from west to east. Ponds A-1 and A-2 are used only for spill 
control, and North Walnut Creek stream flow is diverted around 
them through an underground pipe. Pond A-3 receives the North 
Walnut Creek stream flow and plant runoff. Pond A-4 is used for 
surface water control and receives discharge from pond A-3. 
Discharge from pond A-4 is in accordance with the plant's NPDES 
permit . 
The five B series ponds are located in the South Walnut Creek 
drainage and are designated B - 1 ,  B-2, B - 3 ,  B - 4 ,  and B-5 from 
west to east. Ponds B-1  and B-2  are reserved for spill control, 
and pond B-3  receives effluent from the plant's sanitary sewage 
treatment plant. Ponds B-4 and B-5 receive surface runoff and 
occasional discharge from pond B-3. Discharge from pond B-5  is 
in accordance with the plant's NPDES permit. - - 

The two C series ponds are located along Woman Creek and are 
designated C - 1  and C-2 from west to east. Pond C-1 receives 
stream flow from Woman Creek, which is then diverted around pond 
C-2 into the Woman Creek channel. Pond C-2 is offset from Woman 
Creek and receives surface runoff from an interceptor ditch 
along the south side of the plant security area. Water in pond 
C-2 is discharged downstream into Woman Creek in accordance with 
the plant's NPDES permit. 

2 . 2  PAST WASTE DISPOSAL ACTVITIES AND PRIORITIZATION OF 
POTENTIAL CONTAMINANT SOURCE AREAS 

Radioactive and nonradioactive wastes are generated at the Rocky 
Flats Plant. Currently, nonradioactive wastes are segregated as 
nonhazardous for on-site disposal and hazardous for resale to 
commercial recycling vendors (U.S. DOE, 1 9 8 5 ) .  Solidified 
radioactive wastes are shipped off-site for disposal a t  DOE 
facilities (U.S. DOE, 1 9 8 5 )  . 

-13- 
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past disposal practices were not always consistent with the 
current practices. Some areas on-site have received radio- 
active waste, hazardous waste or radioactive hazardous waste. 

Potential contaminant source areas identified in the CEARP Phase 
I Installation Assessment report ( U . S .  DOE, 1986) were evaluated 
and prioritized in order to focus site characterization activi- 
ties in areas of known or suspected ground-water contamination. 
Criteria for site prioritization included: 

1) Federal Facility Site Discovery and Identification 

2 )  Volumes and types of wastes, 
3) Waste management history, 
4 )  Relative mobility of wastes, 
5) Perceived health risk, and 
6) 

Findings, 

Evidence of existing contaminant migration. 

Details of the evaluation and prioritization methodology are 
provided in "Preliminary Prioritization of Sites" (Rockwell 
International, 1986b). 

Five potential contaminant source areas were identified as 
priority areas for the Phase I remedial investigations. They 
are: 

I) 207 solar evaporation ponds, 
2 )  the 881 hillside, 
3) trenches T-1 to T-11, 
4 )  the 903 pad and mound areas, and 
5) the present and original landfills. 

The Phase I characterization activities will emphasize these 
areas (Figure 6). However, detailed characterization of t h e  

waste sources and delineation of specific ground-water contamina- 
tion plumes are outside the scope of Phase I. 

-14- 
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The 2 0 7  solar evaporation ponds consist of three units, 207A, 
207B (North, Central and South) and 207C. Ponds 207A and 2 0 7 C  
store process waste waters containing high nitrate concentrations 
and radionuclides (U.S. DOE, 1 9 8 5 ) .  Historical discharges to the 
207A and 2 0 7 C  ponds have included sodium nitrate, ferric chlor- 
ide, lithium chloride, sulfuric acid, ammonium persulfate, 
hydrochloric acid, nitric acid, hexavalent chromium, cyanide, and 
aluminum hydroxide (U.S. DOE, 1 9 8 5 ) .  Pond 2 0 7 A  is currently 
being closed. Neither ponds 207A nor 207C have received process 
waste waters since 1 9 8 5 .  Pond 207B North receives water from an 
interceptor system installed to collect ground-water seepage from 
the hillside north of the solar ponds. Ponds 2 0 7 8  Central and 
South receive treated sanitary effluent. 

~ 

Past waste disposal practices 
to gr ound-water contamination 
include: oil sludge disposal 

also appear to have contributed 
of the 8 8 1  hillside area. These 
south of the building; unknown 

chemical burial south of the buil'ding; fuel oil leaks south of 
the building; liquid dumping and drum disposal east and southwest 
of the building; and various chemical spills north and west o f  

the building (U.S. DOE, 1 9 8 6 ) .  

Waste burial trenches, designated T-1 through T-11, located east 
and southeast of the main plant received hazardous waste I 
radioactive waste and/or radioactive hazardous waste. These 
wastes included depleted uranium chips, plutonium and beryllium 
contaminated lathe coolant (consisting of 'hydraulic oil and 
carbon tetrachloride) , and sanitary sewage sludge contaminated 
with radionuclides (U.S. DOE, 1 9 8 6 ) .  

The 9 0 3  pad area and the mound area are located west of the East 
Guard Gate within the plant security area. The 9 0 3  area received 
hazardous waste, radioactive waste, and radioactive hazardous 

- 1 6 -  
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waste. These wastes included plutonium and beryllium contami- 
nated lathe coolant, residuals from the destruction of lithium 
and calcium metals, and uranium contaminated oil. The mound area 
received radioactive hazardous waste consisting of depleted 
uranium and beryllium wastes, and plutonium and beryllium contam- 
inated lathe coolant (U.S. DOE, 1986). 

The original landfill is south of Building 4 4 0  outside of the 
plant security area. The landfill operated from 1952 to 1968 
and is believed to contain nonhazardous solid wastes, depleted 
uranium ash, solvents, beryllium, and sanitary sewage sludge 
(U.S. DOE, 1986). 

The present landfill was placed in service in 1968 and was 
expanded in 1972. An estimated nine million pounds of waste are 
disposed annually at this landfill. Records show that the 
landfill received approximately 2,200 pounds of sanitary sewage 
sludge between 1968 and 1974, which may have been contaminated 
with heavy metals and radionuclides. The landfill is a l s o  
believed to have received chromates, solvents, and small amounts 
of organic chemicals in addition to sanitary sewage sludge (U.S. 
DOE, 1986). 

2.3 NATURE AND EXTENT OF CONTAMINATION 

Previous studies conducted at Rocky Flats indicate some areas o f  

contamination in the shallow ground-water system. An analysis of 
Rocky Flats Plant ground-water quality data indicates that higher 
than background concentrations of total dissolved solids (TDS) , 
nitrates, volatile organics, radionuclides (tritium, uranium) and 
trace metals (cesium, manganese, molybdenum, selenium, and 
strontium) appear to be present in some areas of the shallow 
ground-water system (Hydro-Search, Inc., 1985). 

-17- 
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Dissolved uranium concentrations in ground water appear elevated 
downgradient of the plant; however, even these concentrations are 
low. Elevated uranium concentrations appear to be associated 
with the 881 hillside, the burial trenches, the solar ponds, and 
possibly the B and C series ponds in Walnut and Woman Creeks, 
respectively. Tritium concentrations appear elevated only in 
the vicinity of the solar ponds. 

Based on results from sampling for volatile organic compounds 
(VOCs) during the period March 1985 through March 1986, elevated 
concentrations occur in the areas of the 881 hillside, the 903 

pad and mound areas, burial trenches, solar ponds, and 371/374 

buildings. The highest concentrations (greater than 100 ppb) 
occur in the southeast perimeter of the plant security area and 
near the old east gate. These VOCS are probably associated with 
sites on the 881 hillside, the 903 pad and mound areas, and the 
old burial trenches. 

Elevated VOC levels have also been detected in ground-water 
northeast of the plant security area in the North Walnut Creek 
and landfill drainages. Wells 1-81 (North Walnut Creek drainage) 
and 2-81 (lanfill drainage) were sampled in April, 1985, Decem- 
ber, 1985, and January, 1986. A s  shown in Table 1, the April, 
1985 results show all vOC concentrations below 1 ug/l in these 
wells. However, detectable concentrations of VOCs were found in 

, wells 1-81 and 2-81 in December, 1985 and again in January, 1986. 
The January sampling event was performed to verify findings of 
the December sampling. Tracer Research, Inc. (1986) found VOC 

concentrations less than 1 ug/l in the vicinity of these wells. 
Thus, the presence of VOCS in the ground water at this location 
is questionable. 

An electromagnetic survey of the periphery of the plant security 
area and the downgradient drainages was performed to prelim- 
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Table 1. VOC's in Ground Water (December 1985 and January 
1986 Samples at Wells 1-81 and 2-81). 0 

VOCf 

TCE 
PCE 
DCE 
TCA 
DCA 

CHCL3 
CCL4 

V O C  C o n c e n t r a t i o n  ( u g / l >  

1-8 1 

(1 5 
12 7 
<1 11 
< 1  7 
<1 5 
4 7 
2 6 

Jan. - Dee . - 

Trichloroethylene ( TCE 1 

Tetrachloroethylene (PCE) 

1,l-Dichloroethylene (DCE) 

l,l,l-Trichloroethane (TCA) 

1,2-Dichloroethane * (DCA) 

Carbon Tetrachloride (CCL4) 

(1 
<1 
<1 
8 
3 
5 

2-8  1 
Dec . 
10 
- Jan. 

<1 
- 

6 
(1 
(1  
( 1  
(1 
(1 

Chloroform (CHCL3) 
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inarily evaluate the extent of  high TDS waters in the shallow 
ground-water system (Hydro-Search, Inc., 1986). Based on this 
survey, all of  the drainages leaving the plant area apparently 
contain high TDS ground water which may indicate contamination. 
However, these high TDS waters appear to be at least 3,500 feet 
west of  the eastern property boundary (Indiana Street). 

A soil gas investigation was also performed at the plant site to 
provide an indirect measure of the presence of  chlorinated 
hydrocarbons in soils and ground water (Tracer Research Corp., 
1986). Soil gas samples were analyzed for the presence of 
chloroform, carbon tetrachloride, l,l,l-trichloroethane, tri- 
chloroethylene, perchloroethylene, and 1,l-dichloroethylene. 
Based on results of this study, it does not appear that solvents 
or their degradation products are migrating o f f  DOE property. 
Trichloroethylene (TCE) is the most widely distributed chlori- 
nated hydrocarbon within the plant site. The highest soil gas 
concentrations of TCE and other solvents occurred along the 
southeast and northeast borders of the plant security area. 

-20- 
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3.0 SITE CHARACTERIZATION 

Plans for geologic, hydrologic, and water quality character- 
ization are presented in this document including well locations, 
sampling locations, and sampling parameters. Detailed procedures 
for each activity are presented in the Project Operations Plan. 

3.1 TOPOGRAPHY 

Topographic maps of the Rocky Flats Plant are being prepared at 
scales of one inch equals 100 feet with a two-foot contour 
interval, one inch equals 2 0 0  feet with a two-foot contour 
interval, and one inch equals 500 feet with a five-foot contour 
interval. The maps are being developed from recent (June, 1 9 8 6 )  

air photos and encompass the entire Rocky Flats Plant prop- 
erty. The one inch equals 200 feet scale map will extend 2000 
feet beyond the property boundaries in all directions. 

3.2 GEOLOGY 

Geologic mapping, drilling, and geophysical logging will be 
performed to further evaluate the geologic setting at the Rocky 
Flats Plant. The scope of these activities is described below. 

3.2.1 Geologic Mapping 

Geologic maps will be prepared of the entire property at a scale 
of one inch equals 2 0 0  feet. Both surficial and bedrock geology 
maps Will be prepared utilizing black and white aerial p h o t o g -  

raphy in conjunction with field mapping techniques, drilling 
results, and existing data. Specific goals of the mapping 
program are to evaluate the locations and continuity of sandstone 
horizons and to establish the aerial distribution of both bedrock 
and surficial units. Mapping procedures are described in t h e  

Project Operations Plan. 
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3 . 2 . 2  Drilling 

Sixty-seven boreholes (Plate I) will be drilled at the Rocky 
Flats Plant to characterize site geology. Drilling methods will 
be documented, and lithologic logs will be prepared following 
procedures described in the Project Operations Plan. 

Fifty holes will be drilled in surficial materials and contin- 
uously sampled through hollow stem augers where possible (alter- 
nate drilling methods may be required where boulders in the 
Rocky Flats Alluvium prohibit augering). These holes will 
terminate after confirming the presence and lithology of bedrock; 
however, they will be completed in surficial materials as shallow 
ground-water monitor wells. 

0 Seventeen boreholes will extend into bedrock to be completed as 
bedrock monitoring wells. The bedrock holes will be augered and 
continuously sampled through surf icial materials (where pos-  
sible), and steel surface casing will be cemented in place to 
prevent interconnection of the shallow and deep flow systems 
through the borehole. The boreholes will then be cored (size NX) 
through bedrock. These holes will terminate in the first 
saturated sandstone interval with an aggregate thickness of three 
feet in ten feet. If sufficient sandstone thickness is not 
encountered after drilling through 7 0  feet of claystone with an 
average hydraulic conductivity of 5 X 1 0 - 7  centimeters/sec 
(cm/sec), the borehole will terminate in claystone and be 
completed as a piezometer (Section 3 . 3 ) .  'Average hydraulic 
conductivities will be determined in the field using packer tests 
(Section 3.3). 
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3.2.3 Geophysical Logging 

A minimum of four cored boreholes will be geophysically logged in 
order to establish a correlation between the logs and lithology. 
If an adequate correlation between geophysical logs and litho- 
logic logs can be identified during this investigation, some 
bedrock coring may be replaced with geophysical logging in 
future site investigations. Geophysical logs will include 
natural gamma, spontaneous potential, single point resistance, 
and 16"  resistivity. 

3 3 GROUND-WATER HYDROLOGY 

Both the shallow and bedrock ground-water flow systems beneath 
the plant will be characterized by a program of hydrologic 
mapping, drilling, and monitor well installation. Hydrologic 
properties of the subsurface materials will be evaluated by field 
and laboratory testing. Ground-water quality will be charac- 
terized by sampling the 6 7  new wells and 2 7  of the existing 
wells. 

3.3.1 Hydrologic Mapping 

Surficial hydrologic features such as seeps and springs will be 
mapped at a scale of one inch equals 200 feet. This effort will 
be concurrent with the geologic mapping and results will be 
presented on the surficial geology map. Spring discharge rates 
will be measured and water quality samples collected on the same 
schedule as the ground-water sampling program. The samples Will 
be analyzed for ground-water quality parameters as discussed 
in Section 3 . 3 . 4 .  

0 
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3.3.2 Monitor Well Installation 

Well Locations 

The 6 7  monitor well locations shown on Plate I were selected 
primarily to characterize the hydrogeologic systems. Some of 
the monitor wells are also targeted around areas of potential 
ground-water contamination. Pairs of one deep well and one 
shallow well are shown on Plate I .at several locations. These 
well pairs will serve to evaluate interconnection of the shallow 
and deep (bedrock) ground-water flow systems and vertical 
gradients between the two flow systems. 

There are five background wells in the monitor well program to 
evaluate ground-water quality upgradient of the plant. One well 
pair (wells 54-86 and 55-86) will be located on the ridge south 
of Woman Creek, and another well pair (wells 46-86 and 47-86) 
will be located northwest of the plant security area. These 
wells will serve to characterize ground-water quality upgradient 
of the plant security area in both the Rocky Flats Alluvium and 
the Arapahoe Formation. A fifth background well (53-86) will be 
located west of the plant in the valley fill materials of Woman 
Creek. The well will monitor the quality of shallow ground water 
entering the plant site through valley fill materials. 

Wells 1-86 through 4-86 have already been installed at the 
eastern plant property boundary and will serve to characterize 
ground-water quality leaving the site. Wells 1-86, 2-86, and 
4-86 are completed in valley fill materials. Well 3-86 is 
completed in a saturated Arapahoe sandstone, which subcrops 
beneath the valley fill. The valley fill at this location was 
unsaturated at the time of drilling. 
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Twenty-three wells (13-86 through 36-86) are located around the 
solar evaporation ponds to evaluate the nature and extent of 
contamination from this source. These well locations have 
already been approved by CDH and EPA representatives. Wells 23- 

8 6  and 24-86 are located southwest of pond 207C  to characterize 
ground-water quality upgradient of the ponds. Wells 21-86 , 22- 

8 6 ,  25-86, 26 -86 ,  27 -86 ,  28 -86 ,  31 -86 ,  and 32 -86 ,  which are 
located just off of the pond berms and ring the solar ponds, will 
be used to evaluate ground-water levels immediately adjacent to 
the solar ponds. Wells 20-86 and 30-86 are located along the 
slope north of the ponds to investigate downgradient conditions 
to the north, and 29-86 is located east of the ponds to evaluate 
ground-water flow and quality downgradient to the east. Well 18- 

8 6  is located downgradient of the ground-water interceptor 
trench. Water quality data from this well will be compared to 
data from wells upgradient of the trench to evaluate the effect- 
iveness of the interceptor system. Wells 13-86 through 17-86 and 
wells 33-86 through 36-86 are located in the drainages of North 
Walnut Creek and South Walnut Creek, respectively, to investigate 
the downgradient extent of ground-water contamination emanating 
from the solar ponds. 

Five wells are located in the vicinity of the present landfill. 
One well pair (wells 9-86 and 10 - 86 )  is located west of the 
landfill to characterize upgradient conditionstand another well 
pair (wells 7-86 and 8-86) is located immediately east of the 
landfill to evaluate downgradient conditions. A third shallow 
well ( 6 - 86 )  is located further downgradient in the landfill 
drainage. This well will help evaluate the downgradient extent 
of contamination. 

Six wells are situated around the west spray field. One well 
pair (wells 51 -86  and 52 - 86 )  is located west of the area to 
evaluate upgradient conditions, a n d  a second well pair (wells 48-  

8 6  and 49-86) is located east of the spray fields to examine 
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downgradient conditions. Well 50-86 is located south of the 
spray fields, and well 45-86 is located northeast of the spray 
fields, to investigate ground-water flow toward Woman Creek, and 
North Walnut Creek, respectively. 

Seven wells are located in and around the 881 and 903/mound 
areas. Well 61-86 is located east of Building 881 to evaluate 
ground-water quality and geologic conditions in this suspected 
source area. Wells 59-86 and 60-86 (a well pair) are located 
on the sideslope south of Building 881 to investigate down- 
gradient conditions. Another well pair, 62-86 and 63-86, is 
located on the sideslope below the 903 area to characterize 
downgradient conditions in that area. Wells 43-86 and 42-86 are 
located upgradient and downgradient, respectively, of the mound 
area to evaluate ground-water flow and quality in that region. 

e Wells 40-86, 41-86, and 67-86 are located in the vicinity of the 
burial trenches east of the plant security area. Wells 40-86 and 
41-86 are located on the ridge east of the trenches, and well 67- 

8 6  is located in the depression below the ridge to investigate 
water quality impacts of this past disposal area. 

Six shallow wells are located along Woman Creek. Wells 56-86, 
58-86, 64-86, 65-86, and 66-86 are located within the Woman 
Creek drainage to characterize ground-water flow and quality 
within the valley fill. Well 57-86 is located immediately 
downslope of the original south landfill to evaluate its impacts 
on ground-water quality. 

Six wells (5-86, 11-86, 12-86, 37-86, and 38-86) are located in 
the tributaries of Walnut Creek. These wells will serve to 
investigate downgradient ground-water conditions within the 
valley fill alluvium. 
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One well 39-86 is located east of the plant security area on the 
ridge north of Walnut Creek because the soil gas survey (Tracer 
Research Corp., 1986) detected TCE in this area. Well 39-86 will 
evaluate the presence or absence of volatile organics in this 
area . 
A topographic survey will be used to establish the as-built well 
locations to an accuracy of one foot and elevations to an 
accuracy of 0.01 feet. 

Well Completions 

Shallow boreholes and bedrock boreholes penetrating sufficient 
sandstone thickness will be completed a s  monitor wells with two- 
inch diameter, Type 316, stainless steel casing. Figures 6 and 7 
present well completion designs for shallow and bedrock monitor a wells, respectively. 

The screened interval in shallow monitor wells will extend from 
approximately one foot below the top of bedrock to approximately 
two to five feet above the water table (Figure 7). Bedrock 
monitor wells will be screened across the interval of saturated 
sandstone with a minimum screened interval of ten feet (Figure 
8 ) .  A filter pack will be placed around the screened interval 
and Will not extend more than two feet above the screen. A one- 
foot thick layer of bentonite pellets will be placed on top of 
the filter pack. The annulus above the bentonite seal will be 
tremie grouted t o  the surface using neat cement grout, and a 
locking steel surface casing will be cemented in place over the 
well. A three foot diameter concrete pad will be formed around 
the surface casing and slightly sloped to drain away from the 
casing. 

Piezometers (Section 3.2) will be completed with two-inch, 
schedule 80 PVC casing with a ten foot screened interval at the 
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bottom of the hole (Figure 9). Filter pack, bentonite pellets, 
cement grout, a concrete surface pad, and a locking protective 
casing will be installed as described above. Piezometers will be 
used f o r  water level measurements only and will not be sampled. 

After the grout has set  for at least 2 4  hours, all wells will be 
developed by either bailing, pumping, or air lifting with 
filtered air. Specific procedures and specifications for well 
completion and development are presented in the Project Opera- 
tions Plan. 

3 . 3 . 3  In-Situ Hydraulic Testing 

Packer Tests 

Constant head packer tests will be performed in the cored 
intervals of bedrock holes to evaluate in-situ hydraulic conduc- 
tivities of the Arapahoe claystones and sandstones. The results 
of t h e  packer tests will also be used to decide how a bedrock 
hole should be completed if a bedrock borehole is drilled 70 
feet through claystone without encountering sufficient sandstone 
thickness (Section 3.2). Detailed test and analysis procedures 
are described in the Project Operations Plan. 

Drawdown-Recovery Tests 

Single hole drawdown-recovery tests will be performed in all 
monitor wells to evaluate the hydraulic conductivity of mater- 
ials in the completion interval. Nearby monitor wells and 
piezometers will be used as observation wells where appropriate. 
Constant discharge tests will be conducted using a two-inch, 
stainless steel piston pump. Standard Theis techniques will be 
used to analyze the resulting d a t a .  Detailed test and analysis 
procedures are outlined in the pro;ect Operations Plan. 
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3 . 3 . 4  Ground-Water Sampling 

Ground-water samples will be collected from both the new monitor 
wells and from 2 7  existing monitor wells (Plate I). The 2 7  
existing wells were selected for one of two reasons. Either 
available data indicate they are completed in a single hydrologic 
unit, or concentrations of a volatile organic compound exceeded 
10 ppb in samples collected from wells located near suspected 
contaminant source areas. 

Ground-water samples will be analyzed in the field for pH, 
specific conductance, and temperature. With the exception of 
samples designated for volatile organic analysis (VOA) , ground- 
water samples will be filtered within four hours of collection. 
V O A  samples will not be filtered. Laboratory analyses for the 
initial sampling effort will include the parameters listed in 
Table 2 .  The Hazardous Substance List (HSL) constituents will 
be analyzed in lieu of the Appendix VI11 constituents because 
EPA approved methodologies exist for their quantitation in soil 
and water. Many of the Appendix VI11 constituents are not 
stable in water or do not have approved EPA methodologies for 
their quantitation. 

After the Phase I investigation, ground-water sampling will 
continue on a quarterly basis. Quarterly analyses will include 
the parameters listed in Table 3 in addition to any HSL con- 
stituents identified at or above their quantitation limit during 
Phase I. Water levels will be measured in all sampled wells on a 
monthly basis. 
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Table 2 .  

Field Parameters 

PH 
Specific Conductance 
Temper a tur e 

Phase I Ground-Water Sampling Parameters. 

Indicators 

Total Dissolved Solids 

Metals 

Hazardous Substance List - Metals 
Cesium 
Mo 1 ybdenum 
S tr on t i um 

Anions 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate 

Ir Cyanide - 
Oraanics 

Hazardous Substance List - Volatiles 
Hazardous Substance List - Semi-Volatiles 
Hazardous Substance List - Pesticides/PCB 
Rad i onucl ides 

Gross Alpha 
Gross Beta 
Uranium 2 3 3 ,  2 3 4 ,  and 238 
Americium 2 4 1  
Plutonium 2 3 9  
Tritium 

-33- 



Table 3. Quarterly Ground-Water Sampling Parameters 

Field Parameters 

PH 
Specific Conductance 
Temperature 

Indica tors 

Total Dissolved Solids 

Metals 

Hazardous Substance List - Metals 
Cesium 
Molybdenum 
S tr on t i um 

Anions 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate 
Cyanide 

Organics 

Hazardous Sudstance List - volatiles 
Radionuclides 

Gross Alpha 
Gross Beta 
Uranium 2 3 3 8  2 3 4 8  and 2 3 8  
Americium 241 
Plutonium 239 
Tritium 
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3.4 SURFACE-WATER HYDROLOGY 

An initial characterization of the surface-water hydrology will 
be achieved during Phase I by measuring discharge rates and 
collecting water quality samples for subsequent chemical analysis 
from the stations shown on Plate 11. 

3.4.1 Surface-Water Monitoring Locations 

Forty-one surface-water monitoring stations and 13 pond sampling 
locations are shown on Plate 11. Continuous discharge measure- 
ments and daily water quality samples are currently being 
collected by Rockwell International at the sites below retention 
ponds A-3, A-4, B - 5 ,  and C-2 and in Walnut Creek at the eastern 
property boundary as part of the plant NPDES permit requirements 
(Figure 5 ) .  Permanent Parshall flumes are located at these sites, 
which will be used to measure discharge during the surface-water 
investigation. All monitoring stations will be staked and iden- 
tified in the field for future monitoring events. 

Four monitoring stations are located west of the plant security 
area to evaluate surface-water entering the plant site. One of 
these stations is located in Rock Creek, two in Walnut Creek 
(upstream and downstream of the clay pits), and one in Woman 
Creek. 

Three stations are located at the eastern property boundary to 
investigate surface-water leaving the Rocky Flats Plant. One 
station is in Woman Creek and another is in the Woman Creek 
diversion ditch. The third station is in Walnut Creek where it 
leaves the property. A Parshall flume is already installed at 
this station as part of the plant NPDES permit requirements. 
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Nine stations are located along Woman Creek south of the plant 
security area. Stations will be placed both upstream and 
downstream of drainage confluences to evaluate the discharge 
rates and water quality of each tributary. Two stations are 
located between ponds C-1 and C-2 to examine pond C-1 discharge 
and water quality. The station below pond C-2 is an existing 
station with a parshall flume and will serve to measure pond C-2 

discharge and water quality. 

Seven surface-water monitoring stations are located along the 
interceptor ditch south of the plant security area. These 
stations are located upstream and downstream of suspected 
contaminant sources north of the ditch (original south landfill, 
Building 881, 903 hillside, and burial trenches). 

Five stations are located in the South Walnut Creek drainage. 
One station is upstream and one station is downstream of the 
waste treatment plant to examine its impacts on surface water. 
The other two stations are located further downstream. One 
station is below pond B - 4  and another is below pond B - 5  to 
investigate pond discharge rates and quality. A permanent 
Parshall flume is located below pond B - 5  and will be used to 
measure discharge rates at this station. The fifth station is 
located in the ditch just east of the plant security area, north 
of South Walnut Creek. 

Six monitoring locations are shown along North Walnut Creek. 
Three stations are located northwest of the plant security area 
upstream and downstream of the McKay Ditch diversion structure. 
Another station is located east of Building 3 7 1  to investigate 
plant runoff from the 300 area. A fifth station is located 
east of the perimeter road to evaluate surface water flowing 
into the A series ponds, and the sixth station is located below 
pond A - 4  to evaluate discharge from pond A-4. 
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Three surface-water monitoring stations are located in the 
landfill drainage. One station is located upstream of the 
landfill pond and will be sampled during storm events. Another 
station is located below the landfill pond to investigate 
discharge and water quality from the pond, and the third station 
is located further downstream to evaluate surface water entering 
Walnut Creek from the landfill drainage. 

Two stations are located along the Central Avenue drainage ditch 
and will be sampled to investigate plant runoff quality if 
sufficient flow exists. 

The remaining three monitoring stations are located northwest of 
the plant security area. One is on McKay Ditch north of the 
plant, and the other two are in Rock Creek to evaluate discharge 
rates and water quality leaving the plant site in these drain- 
ages. 

When a major precipitation event occurs that results in runoff 
from the plant, discharge rates will be measured and quality 
samples collected at eight of the monitoring stations (Plate 
11). Six of these stations are located close to plant facilities 
to evaluate the impacts of plant runoff during peak flows. The 
other two stations are downgradient of the plant. 

One-time water samples will be collected from the A ,  B, and C 
series ponds, the landfill pond, and the raw water supply pond 
as part of this monitoring effort (Plate 11). These samples will 
serve to eyaluate the relationship between pond and surface water 
quality. Three samples will also be collected from pond 207B- 
North, 207B-Center, and 207B-South. Ponds 207B-Center and 
207B-South receive waste water from the sewage treatment plant, 
and pond 207B-North receives water pumped back from the ground- 
water interceptor system. Ponds 207A and 207C were recently 
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sampled as part of a process waste stream characterization. 
Therefore, they will not be sampled during this investigation. 

3.4.2 Surface-Water Monitoring Events 

Surface-water monitoring in the drainages and ditches will 
consist of grab sample collection and discharge measurement. A 

Cutthroat flume will be temporarily placed in the drainages at 
the designated station during monitoring to measure discharge 
rates. If channel dimensions or flow conditions render a flume 
installation infeasible, discharge rates will be estimated by 
measuring channel dimensions and flow velocity. 

Only one monitoring event is scheduled 
Plate I1 during this investigation. 
monitoring will continue on a quarterly 0 

for the stations shown on 
However, surface-water 

basis. 

3.4 . 3 Surf ace-Water Sampling Parameters 

Surface-water samples will be analyzed in the field for pH, 
specific conductance, temperature, and dissolved oxygen, and in 
the laboratory for the parameters listed in Table 4 during Phase 
I. Quarterly analyses will be made thereafter for the parameters 
listed in Table 5 in addition to any hazardous substances 
identified at or above their quantitation limit during the Phase 
I investigation. The Project Operations Plan presents detailed 
surface-water sampling procedures. 

3.5 SEDIMENTS 

One time sediment sampling will be performed in the drainages and 
ditches in order to evaluate: 

1) transport of suspended constituents by surface water; 
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Table 4 .  Phase I Surface-Water Sampling Parameters. 

Field Parameters a 
PH 
Specific Conductance 
Temper a tu re 
Dissolved Oxygen 

Indica tors 

Total Dissolved Solids 
Total Suspended Solids 

Metals 

Hazardous Substance List - Metals 
Cesium 
Molybdenum 
S t r on t i um 

Anions 

Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate 
Cyanide 
Phosphate 

Orsanics 

Hazardous Substance List - volatiles 
Hazardous Substance List - Semi-Volatiles 
Hazardous Substance List - Pesticides/PCB 
Radionuclides 

Gross Alpha 
Gross Beta 
Uranium 233, 234, and 238 
Americium 241 
Plutonium 239 
Tritium 
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Table 5. Quarterly Surface-Water Sampling Parameters.  

F i e l d  Parameters a PH 

F i e l d  Parameters a PH - 
S p e c i f i c  Conductance 
Temper a t u  r e 
Disso lved  Oxygen 

I n d i c a t o r s  

T o t a l  Dissolved S o l i d s  
T o t a l  Suspended S o l i d s  

Metals  

Hazardous Substance  L i s t  - Metals  
Cesium 
Mo 1 ybde num 
S t r on t i um 

Anions 

Carbonate 
B i c a r b o n a t e  
C h l o r i d e  
S u l f a t e  
N i t r a t e  
Cyanide 
Phosphate 

Radionuc l ides  

Gross Alpha 
Gross Beta 
U r a n i u m  2 3 3 ,  2 3 4 ,  and 238 
Americium 2 4 1  
Plutonium 2 3 9  
T r i t i u m  



Date : 7/21/86 
Revision No. 0 

2) attenuation of constituents dissolved in surface water 

3) potential for leaching of constituents from the sedi- 
by the sediments; and 

ments into either surface or ground water. 

3.5.1 Sediment Sampling Locations 

Sediment sampling stations are located in close proximity to 
surface water stations (Plate 11) and up- and downgradient of 
suspected contaminant sources. These locations will be staked and 
identified in the field for future sampling events. 

3.5.2 Sediment Sampling Parameters 

Sediment samples will be analyzed for the parameters listed in 
Table 6. The Project Operations Plan describes detailed sediment 
sampling procedures. 

3.6 LABORATORY MATERIALS TESTING 

3.6.1 Chemical Analyses 

Chemical analyses will be conducted on surficial and bedrock 
samples obtained from the shallow monitoring wells in the 
vicinity of the solar evaporation ponds to evaluate the nature 
and vertical extent of contamination. This information will be 
used in conjunction with the ground-water plume characterization 
to develop closure and post-closure plans for the solar evapor- 
ation ponds. Surficial and bedrock samples for chemical analyses 
will be obtained with split spoon samplers, according to the 
procedures specified in the Project Operations Plan, at monitor- 
ing wells 18-86, 20-86, 22-86, 25-86, and 28-86. e 
Three materials samples will be obtained at each boring. One 
sample will be obtained in surficial materials, one sample in 
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Table 6. Phase I Sediment Sampling Parameters. 

Metals 

Hazardous Substance List - Metals 
Cesium 
Molybdenum 
Strontium 

Anions 

Chloride 
Sulfate 
Nitrate 
Cyanide 
Phosphate 

Organics 

Hazardous Substance List - Volatiles 
Hazardous Substance List - Semi-Volatiles 
Hazardous Substance List - Pesticides 
Radionuclides 

Gross Alpha 
Gross Beta 
Uranium 233, 234, and 238 
Americium 241 
Plutonium 239 
Tritium 
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weathered bedrock, and one sample five feet into unweathered 
bedrock. Sampling depths will be determined in the field by 
visual logging of continuous samples, the drill cuttings, and 
drilling resistance. Obtaining samples in the Rocky Flats 
Alluvium will probably not be possible. Therefore, samples 
of the alluvium will be collected from the fine-grained portions 
of the deposit . 
Samples obtained for chemical testing will be analyzed for 
the parameters in Table 6 .  Procedures for sampling, sample 
management, and testing are presented in the Project Operations 
Plan. 

3 . 6 . 2  Physical Testing 

Laboratory tests will be performed on selected materials to 
evaluate permeabilities, effective porosities, and grain size 
distributions of subsurface materials. 

Permeabilitv Testina 

Falling head laboratory permeability tests will be performed on 
undisturbed samples of the Arapahoe claystones and sandstones to 
investigate the relationship between horizontal and vertical 
permeabilities. At least s i x  samples of each lithology will be 
tested to account for sample variability. Samples will be 
selected by the field operations manager considering factors such 
as representativeness of the sample, condition of the core for 
laboratory preparation, location of the sample within the 
geologic profile, and the location of the monitoring well 
relative to known or suspected hazardous releases. 

- 4 3 -  
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CaPi llarv Moisture Testina 

The physical property testing discussed above and capillary 
moisture tests will conducted on bedrock samples obtained from 
the core as close to the permeability test sample as possible. 
The capillary moisture testing will be conducted to estimate 
effective porosity following ASTM Method D-3152-72. 

Physical Properties Testing 

Physical testing will be conducted on surficial materials and 
bedrock samples obtained from the monitoring wells. Testing 
will be conducted to: 

1) develop a basis for selecting screen and filter pack 
sizes for the monitoring wells; 

2 )  compare the visual field classifications on the drill 
logs with the laboratory results; and 

3) calculate permeability values for the lithologic units 
based on empirical correlations to physical properties. 

Physical properties testing will be performed on selected samples 
of the Rocky Flats Alluvium, valley fill alluvium, colluvium, and 
Arapahoe sandstones and claystones. Hydrometer tests will also 
be performed if more than 50 percent of a sample passes the 200 
mesh sieve. Grain size testing will begin with samples of valley 
fill and Arapahoe sandstone f r o m  wells 1-86 through 4-86. 
Additional grain size analyses will be performed on these and 
other materials as drilling progresses. 

Samples will be obtained for each lithologic unit encountered in 
twenty-one monitoring wells located outside the plant security 
area. Samples will be obtained from monitoring wells 5-86, 7-86, 

49-86, 54-86, 55-86, 56-86, 59-86, 60-86, 62-86, 63-86, 64-86 and 
65-86. Where well pairs are drilled, surficial materials will be 

8-86, 14-86, 15-86, 39-86, 40-86, 41-86, 46-86, 47-86, 48-86, a 
-44- 
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sampled in the shallow wells, and bedrock will be sampled in the 
deep wells. The well locations for physical property testing 
were selected to provide representative samples of the surficial 
and bedrock units based on existing knowledge of the site. 
sufficient data exists within the plant security area from 
previous soil and foundation investigations t o  characterize the 
Rocky Flats Alluvium and near surface Arapahoe Formation. Thus, 
in the plant security area, physical property testing will only 
be conducted on samples taken adjacent to the soil chemistry 
samples around the solar ponds. 

The following table lists the proposed physical testing of soil 
and bedrock samples along with a citation of the appropriate 
procedure. 

Test 
Grain Size Distribution 
- 
Atterberg Limits 
Unit Weight 
Hydrometer Analysi s 

Water Content 
Preparation of Soil Samples 

Reference 
ASTM D-422, ASTM D-1140 
ASTM D-4318 
EM 1110-2-1906 
ASTM D-4221 
ASTM D-2216 
ASTM D-421, ASTM D-2217 

Detailed laboratory test procedures are presented in the Project 
Operations Plan. 

The physical property testing of the soil and bedrock may be sus- 

pended if the test results are consistent, Consistency will be 
measured by physical property data which results in the same 
Unified Soil Classification soil symbol for granular soils and 
plasticity limits with a range of plus or minus 5 for soils finer 
than the U.S. No. 200 sieve. 

- 4 5 -  
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4 . 0  SCHEDULING 

Figure 8 presents the graphic schedule for all Phase I activi- 
ties. Field work is scheduled t o  begin the week of August 4th 
pending approval of this work plan by CDH and EPA. 

-46- 
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APPENDIX A-3 

SAMPLING PLAN FOR TEST PITS 
WEST SPRAY FIELDS 

1988 
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The Sampling Plan for the test pits in the West Spray Field is currently being 

prepared by Chen & Associates under the direction o f  Frank Blaha (Rockwell 

International). An agreement has been made between Chen and Rockwell stipulating 

that the Sampling Plan will be completed by September 15, 1988. 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX A 



APPENDIX B 

HYDROGEOLOGIC DATA 
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1986 MONITOR WELLS 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX B 



EXPLANATION OF SYMBOLS AND TERMS 
ON BORING LOGS 

SAMPLE TYPE 

Split Spoon 

NC Core 

Continuous Drive 

8 ufk 

GRAPHIC LOG 

Ctay or Shale 

Clayey Sand or Sandy Clay 

Gravel 

Sand or Sandstone 

Sand and Gravel 

Silt or Siltstone 

WATER CONTENT 
L WATER LEVEL  

v_ STATIC WATER L E V E L  OH 10/13/88 

FOUND DURING DRILLING 

PENETRATION R E S I S T A N C E  

STANOARD PENETRATION TEST RESULTS 
BLOWS PER INCH. 



E X P L A N A T I O N  OF SYMEOLS ON 

WELL CONSTRUCTION SUMMAR IES  

WELL CASING 

WELL COMPLETION MATERIALS 

CENTRALIZER 

GEOLOGIC UNITS 

ALLUVIUM / BEDROCK CONTACT 

WELL CASING 

0 BLANK 

SCREEN 

WELL COMPLETlON MATERIALS 

m CEMENT GROUT 

EENTON ITE P E L L E T S  

0 SAND PACK a CUTTINGS 

GEOLOGIC MATERIALS 

EXPLANATION PRESENTED IN LOG OF BORING 
EXPLANATION.  



INDEX OF DATA 

Boring No.: 45-86 

Completed as well? Yes 

Data in File 

X Log o f  Borehole 

X Well Construct ion Sum mar i es 

X Well Development Summaries 

X Hydraulic Conductivity Test Data 
and Results 

Packer Test Data and Results - 
X Water Level Data 

Saturated Thickness Hydrograph 
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Rocky Flats Plant ILoG OF BORING NO. 45-86 PI ojoct: 

Dato 011110d 10/2/86 C0ordin.t.r N 3 7 3 4 8 . 3  E 16163.2 
Oroond Surfaco Elovatlon 6 0 4 9 . 7 4  1 

Mat or Ial Do r c riot ion Depth 

: T. Ollliver 

t atlor anc (1 
Blowd lncY 

20 40 l-rrr 

lllr 



PI 0 joct: Rocky Flats Plant ILOG OF BORING NO. 45-86 
I 

Data DrUkd 10/2/86 CoWdln8tO8 N 37348.3 E 16363.2 

Boring Method C a s 4  Driver 

19.0-23.01-Cuttings. 
GRAVEL: moderate brown 
( L O Y R  4 / 4 )  : granitic 
pebbles and cobbles: sandy 
and silty; poorly sorted; 
unconsolidated: damp. 

23.0-25.o'-~uttings. 
GRAVEL: Same as above: 

Qroond 8urf ace Elevation 6049.74 I 

Other 
Teat8 a@ 

20 40 
1 1 1 i 1  - 

.I 

c7 - - - 
-4 

Romarkr Logged by: T. Gulliver 

I Hydro-Search, lnc. ProJoct No. 
IMP06222 



Pro /.et: Rocky Flats Plant ILOG OF BORING NO. 4)-86 

Coordln.t.* N 37348.3 E 16 36  3. 2 
around 8urf8co E f O v 8 t h  6049.74 

43.0-47.O'-Cuttingr. 
GRAVEL: moderate brown 
(LOYR 4/4) : 30-30a 8and 
and silt: poorly sorted; 
unconsolidat~; wet. 

W I E  FORMATXON 

47.0-45.0@-~uttingm. 
S1LTS"am: light olive 
b r m  (5Y 5/6) ; well 
sorted: darp. 

nrrAL DEPTH:  55.0' 

Checked by: Logged by: T. Culliver - I 

Proloot No. 
106~06222 I Hydro-Search, Inc. I Page 3 of 3 
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I WELL G5-86 

WELL CONSTRUCTION SUMMARY 
LOCATION of C O R D S :  
N 37348.3 E 16363.2 

ELEVATION: GROUND LEVEL a9.74 ' 
TOP O f  CASING 6251.73 

DRILLING SUMMARY: 

TOTAL DEPTH Well: 48.20' &le: 57.00' 

BOREHOLE DIAMETER 5 5/8" 

co. DRILLER Brothers Drillm~ 

(Subcontracted Arrow Drilling, Tan Hi&) 
RIG Casing Advancer 
BIT(S) Down hole harmer 

. .  
15865 W. 5th Avew. Golden. CO 

DRILLING FLUID Nom 

SURFACE CASING 5" x 4.5' Stpel W/ lOCk&g 

W E L L  D E S I G N :  

BAS IS :  GEOLOGIC LOG x GEOPHYSICAL LOG - 
US ING  STRINGIS): C-CASING S=SCREEN 

0.03' 2.99' C1 1 
2.99' - 48.20' SI - 

- --- 

- - 
- - - -- --I---- - -- 

CASING: C I  2" I .D .  Sch. 5 type 316, stain- 
less steel, threaded and flush 
iointed. 

SCREEN: S I  2" I.D. Sch. 5 type 316 stain- 
less steel, threaded and flush 
iointed, 0.010" wire may screen, 
0.25' welded bottan cap. 

CENTRALIZERS Type 304 stainless steel 
43.47' - 44.70' 

FILTER MATERIAL 32-42 silica sand 
2.48' - 49.30' 

0.00' - 1.80' 
CEMENT 

OTHER 318'' bemaisp w llets 

49.30' - 57.00' 

CONSTRUCTION TIME LOG: 

T A S K  - 
DRILL1 NG: 

SF= 
GEOPWrS LOGGING 

CASING: 
2" stainless 

FILTER PLACEMENl 

CEMENTING: 

CEVELCPMENT: 

OTHER: 
Bentonite 

START 
I 

1986 

--- 
--- 
- I -  I -  

-I-I- 
loo0 10/3 10/3 

10/3 1 1605 1 10/3 --- 
--- l i  

10/3 0935 l0/3 
10/3 1600 10/3 
--- --- 
- 1-1- 

T M  

1515 

W E L L  DEVELOPMENT 

See Well Developnent sclrrmary Sheet 

COMMENTS: 

No water encountered during drilling. 

Top of stainless steel casing: 1.97 ' 

HY DRO-S EA  RCH RENO*DENVER CONSULTING HYDROLOGISTS- GEOLOGI ST! 

.. 



Wsll NO.: 45-86 

DATE 

WELL DEVELOPMENT SUMMARY SHEET 

. 
TIME METHOD VOLUW APPEARANCE COMMENTS 

0-7-86 
1 Well Bore Volume = 4.24 

0915 10 Well Bore Volume = 42.4 

Lt-med brown 7' of sand Ilfted out before 
- -  

10-8-86 

10-9-86 

0915 Airlifted N/A spray-lots of sand reaching TD 
pd-?ark b 

1500 Bailed 12 gals I h y turg?!; 12/42.4 gals purged to date 
1 0 %  of sand 
Med-dark brown 

0900 Alrllfted - 4.2 gals +nrR" 

- -  
10-12-86 

2W42.4 gals purged to date 

44142.4 gals Purged to date 

Medium brown 
1500 Rai led 16 sals clearing slightly 

1410 Bailed medium brown 

Bottom 3' I..t brown 
rest of we1 I 16 gals 

10-14-86 

10-15-86 

10-1 5-86 

10-16-86 

Light-medium 56/42.4 gals purged to date 
1200 Bai led 12 gals brown 

Med brown mist 

0830 Airlifted A lot of sand 
Lt-clear bottom; 

1400 Ba i I ed 25 gals Lt-med brown top 

Lt to clear bottom 
1200 Bailed --- Lt-med brown top Sampled 

___-- --- 

81/42.4 gals purged to date 



RAW DATA 

WELL # 45-86 

WELL DIAMETER= 5.63 INCHES 
CASING DIAMETER= 2.00 INCHES 
VOLUME OF WATER= 1.53 GALLONS A 
LENGTH OF AQUIFER TESTED= 26.19 FEET 
VALUE OF HO= 9.36 FEET 
STATIC WATER LEVEL= 22.01 FEET 
LENGTH OF SCREEN= 45.21 FEET 
WATER TABLE TO BOTTOM OF WELL= 26.19 FEET 

SLUG TEST DATA: 

TIME 

-------- 
0. 0.45 
0. 1.15 
0. 1.30 
0. 2. 0 
0. 2.30 
0. 3. 0 
0. 3.30 
0. 4. 0 
0. 4.30 
0. 5. 0 
0. 5.30 
0. 6. 0 
0. 7. 0 
0. 8 .  0 
0.  9. 0 
0.10. 0 
0.11. 0 
0.12. 0 
0.13. 0 
0.14. 0 
0.15. 0 

WATER LEVEL 
(FEET) 

31.37 
29.62 
28.90 
28.03 
27.43 
27.10 
26.72 
26.34 
25.87 
25.58 
25.27 
25.00 
24.73 
24.45 
24.16 
23.87 
23.63 
23.43 
23.25 
23.08 
22.98 

----------- 
TIME SINCE TEST 
BEGAN (MINUTES) 

.75 
1.25 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
7.00 
8.00 
9.00 

10 00 
11.00 
12 00 
13.00 
14.00 
15.00 

--------------- 

* Value of Ho set at drswdown at 45 seconds. Volume o f  
water recovered is calcGlated from this assumed Eo. 
Test data sheet indicates no water was removed from 
well by airlift. 



WELL # 45-86  

WELL DIAMETER= 5 . 6 3  INCHES 
CASING DIAMETER= 2 . 0 0  INCHES 
VOLUME O F  WATER REMOVED OR ADDED TO WELL= 1 . 5 3  GALLONS 
LENGTH O F  AQUIFER TESTED= 2 6 . 1 9  FEET 
VALUE O F  HO= 9 . 3 6  FEET 
STATIC WATER LEVEL= 2 2 . 0 1  FEET 

SLUG TEST DATA: 

TIME SINCE TEST 
BEGAN (MINUTES) --------------- 

. 7 5  
1 . 2 5  
1 . 5 0  
2 . 0 0  
2 . 5 0  
3 . 0 0  
3 . 5 0  
4 . 0 0  
4 . 5 0  
5 . 0 0  
5 . 5 0  
6 . 0 0  
7 . 0 0  
8 . 0 0  
9 . 0 0  

1 0 . 0 0  
11 .00  
1 2 . 0 0  
1 3 . 0 0  
1 4 . 0 0  
1 5 . 0 0  

WATER LEVEL 
(FEET) 

3 1 . 3 7  
2 9 . 6 2  
2 8 . 9 0  
2 8 . 0 3  
2 7 . 4 3  
2 7 . 1 0  
2 6 . 7 2  
2 6 . 3 4  
2 5 . 8 7  
2 5 . 5 8  
2 5 . 2 7  
2 5 . 0 0  
2 4 . 7 3  
2 4 . 4 5  
2 4 . 1 6  
2 3 . 8 7  
2 3 . 6 3  
2 3 . 4 3  
2 3 . 2 5  
2 3 . 0 8  
2 2 . 9 8  

----------- 
DRAWDOWN 
(FEET) 

9 . 3 6  
7 . 6 1  
6 . 8 9  
6 . 0 2  
5 . 4 2  
5 . 0 9  
4 . 7 1  
4 . 3 3  
3 . 8 6  
3 . 5 7  
3 . 2 6  
2 . 9 9  
2 . 7 2  
2 . 4 4  
2 . 1 5  
1 . 8 6  
1 . 6 2  
1 . 4 2  
1 . 2 4  
1 . 0 7  

. 9 7  

-------- 
HEAD RATIO 

---------- 
1 . 0 0 0  

. 8 1 3  

. 7 3 6  

. 6 4 3  

. 5 7 9  
f 5 4 4  
. 5 0 3  
. 4 6 3  
, 4 1 2  
. 3 8 1  
. 3 4 8  
, 3 1 9  
. 2 9 1  
. 2 6 1  
. 2 3 0  
. 1 9 9  
. 1 7 3  
. 1 5 2  
. 1 3 2  
. 1 1 4  
. l o 4  

RECIPROCAL TIME 
( 1 /MINUTES ) --------------- 

1 .333  
. 8 0 0  
,667 
. 5 0 0  
.400 
.333 
,286 
. 2 5 0  
.222 
. 2 0 0  
.182 
. 1 6 7  
.143  
. 1 2 5  
* 111 
. l o o  
. 0 9 1  
.083  
. 0 7 7  
, 0 7 1  
. 0 6 7  



WELL # 45-86 

.................... 
PERMEABILITY BASED ON COOPER, BREDEHOEFT, AND PAPADOPULOS METHOD 

PERMEABILITY=1.35E-O4/ MATCH TIME (IN MINUTES) 
STORAGE COEF= .13 * ALPHA 
ALPHA=l.OOE-05 MATCH TIME= 1.6 
PERMEABILITY= 8.32E-05 CM/SEC 
STORAGE COEF=1.26E-06 
CORRELATION NUMBER= 1.00 

COMPUTER CALCULATES 

PERMEABILITY BASED ON REGRESSION FIT OF HEAD RATIO DATA 

HVORSLEV PERMEABILITY=3.18E-O4 / LAG TIME 
BOUWER PERMEABILTYz3.35E-04 * -SLOPE 

COMPUTER CALCULATES 
HVORSLEV PERMEABILITY=5.6OE-O5 CM/SEC 
BOUWER PERMEABILITY=2.10E-O5 CM/SEC 

REGRESSION STATISTICS 
X ON Y 

INTERCEPT= -.08 
SLOPE=-6.23E-02 

INTERCEPT= -.07 
SLOPE=-6.29E-02 

Y ON X 

CORRELATION COEFFICIENT=-l.OO 
CALCULATIONS INDICATE THAT A VALUE OF 10.47 FEET FOR H O  

OR A VALUE OF 1.891 INCHES FOR EFFECTIVE CASING DIA. 
MAY YIELD BETTER RESULTS 

PERMEABILITY BASED ON REGRESSION FIT OF DATA - FERRIS & KNOWLES METH 

PERMEABILITY=3.15E-O4 / SLOPE 
PERMEABILITY=1.82E-O5 CM/SEC 

REGRESSION STATISTICS 
X ON Y 

INTERCEPT= .05 
SLOPE= 1.72E+01 

INTERCEPT= . 0 1 Y ON X 

SLOPE= 1.75E+01 
CORRELATION COEFFICIENT= .99 



WELL # PERMEABILITY PERMEABILITY STORAGE COEF PERMEABILITY PERMEABILI': 
METHOD 4 METHOD 1 METHOD 2 METHOD 2 METHOD 3 ------ ------------ ------------ ------------ ------------ ----------. 

4 5 - 8 6  5 . 6 0 E - 0 5  8 .3212-05  1 . 2 6 E - 0 6  1 . 8 2 E - 0 5  2 . 1 0 E - 0 5  

* METHOD 1 I S  HVORSLEV 
METHOD 2 I S  COOPER, BREDEHOEFT, AND PAPADOPULOS 
METHOD 3 IS  F E R R I S  AND KNOWLES 
METHOD 4 IS  BOUWER 
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WELL 45-86 
PUMPING or OBSERVATION W E L L  

G E L  OF- 
DEPTH OF PUM 

COMMENTS 

I I I I I 1 I I I I I I 

HYDRO-SEARCH RENO DENVER CONSULTING HYDROLOGISTS- GEOLOGI ST 



ROCKY FLATS WEST SPRAY FIELD 

WELL SAMPLE 
NUMBER DATE 

4586 10/07/86 
10/08/86 
l o /  10/86 
101 13/86 
10/15/86 
10 / 16 186 
11/26/86 
0 1 /01  187 
02/01/87 
03/31/87 
0 5 106 187 
06/01/87 
07/08/87 
08/03/87 
08/14/87 
08/31 187 
09/28/87 
11/03/87 
12/07/87 
01/05/88 
02/03/88  
031 14/88 
04/11/88 
05/12/88 

- -  

WATER LEVEL SUMMARY 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER WATER 
SURFACE CASING STlCK OF SI OF SI DEPTH DEPlH SURFACE 
ELEVATION ELEVATION UP BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6049.74 6051.72 1.98 48.20 6046.75 6001.54 48.20 24.15 6027.57 
24.15 
23.62 
23.81 
24.13 
24.05 

9.03 
6.75 
8.90 
4.31 
4.52 
4.83 
5.35 
8.00 

21.10 
20.40 
43.50 
21.60 
20.20 
23.10 

6.50 
5.80 
6.70 
5.20 

6027.57 
6028.10 
6027.91 
6027.59 
6027.67 
6042.69 
6044.97 
6042.82 
6047.41 
6047.20 
6046.89 
6046.37 
6043.72 
6030.62 
6031.32 
6008.22 
6030.12 
6031.52 
6028.62 
6045.22 
6045.92 
6045.02 
6046.52 



INDEX OF DATA 

Boring No.: 46-86 

Completed as well? Yes 

Data in File 

X Log of Borehole 

X Well Construction Summaries 

X Well Development Summaries 
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and Results 

X 

X Water Level Data 

Packer Test Data and Results 

Saturated Thickness Hydrograph 
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Pro joct: Rocky Flats P l a n t  LOG OF BORING NO. 46-86 

Date DriIIod 9/16/86, 9/17/86, 10/9/86 Coordinator N 37890.6 E 15178.8 
Boring Method Casing Driver /NC Core around Surface Elevation 6081.71 

ROCKY FLATS ALuNIu)I 

O-8.01-Cuttings. GRAVEL: 
gray orange (1OYR 7/6) ; 
granite and quartzite 
pebbles and cobbles: some 
silt and quartz sand: 
poorly sorted: 
unconsolidated: dry. 

8.0-13.oi-~ttings. 
GRAVEL: same as above: 
wet. 

M8teriai Dercription 

13.0-17.01-Cuttings. 
GRAVEL: moderate brown 
( ~ Y R  4 / 4 ) :  granite, 
quartzite and muscovite 
pebbles: some sand and 
silt: trace limonitic 
clay; poorly sorted: 
angular: unconsolidated: 
damp. 

17.0-20.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 )  : 40-60% 
quartzite cobbles: sandy 
and silty: poorly sorted: 
unconsolidated: damp. 

Ramark8 bgged by: T. Gulliver 

;WrIancr t atior 

B b w d  incW 
20 40 

7 l - n -  

ProJect No. 
I %Po6222 1 Hydro-Search, Inc. I Page I of 9 



Projoct: Rocky mats Plant LOG OF BORING NO. 46-86 

Date Drilled 9/16/86, 9/17/86, 10/9/86 Coordlnator N 37890.6 E 15178.8 
Borlng Method Casing DriverINC Core around Surface Efovation 6061.71 - 

Elev 
feel - Matorlal Dorcriotion 

poorly sorted: angular: 
unconsolidated; dry to 

29.0-36.Q1-CuttingS. 
GRAVEL: same as above; 

36.0-44.Q1-Cuttings. 
GRAVEL: same as above; 

20 40 I 
l l l I i 1  



R : : ! ~  Material Description 

Projoct: Rocky Flats P lant  (LOG OF BORING NO. 46-86 

Date DfII1.d 9/16/86, 9/17/86, 10/9/86 Coordlnat.8 N 37890.6 E 15178.8 
Boring Method bine: Driver/NC Core Ground Surfaco Elovation OG&l. 71' 

Romarkr Logged by: T. O111iver 

- 
'en t ation 
1 e s?st anc e 
Bbwd IncN 

20 40 l-n-r 



Projoct: Rocky Flats Plant LOG OF BORING NO. 46-86 

Date OrIIIod 9/16/86, 9/17/86 10/9/86 Coordinate. N 37890.6 E 15178.8 
Boring Method Casing Driver/NC Core Qround Surfaco Elovation 6081.71 

63.0-6S.01-cuttings. 
GRAVEL: moderate brown 
(SYR 4 / 4 ) :  granite and 
quartzite pebbles and 
cobbles: clayey sand 
matrix: poorly sorted: 
unconsolidated: moist. 

65.0-80.0'-Cuttings. 
GRAVEL: moderate brown 
(SYR 4 / 4 ) :  silty sand 
matrix: poorly sorted: 
unconsolidated: moist. 

Romark8 Lo& by: T. Ollliver 

Proloct No. 
106po6222 Hydro-Search, Inc. Page 4 of 9 



Projoct: Rocky Elats Plant LOG OF BORING NO. 66-86 

Date Dr1110d 9/16/86, 9/17/86, 10/9/86 Coordinate* N 37890.6 E 15178.8 
Boring Mothod Casing Driverm Core around Surfaco Elovation 6081 71 I 

Elev 
feel - 

i:%M ation 

Bbwd Inch) 
20 40 

a m  * 

7-n-r 

I /  

Romarkr Logged by: T. Gulliver Checked by: 

Project No. 
106m222 Hydro-Search, Inc. Page 5 of 9 



LOG OF BORING NO. 46-86 
project: lbw Flats P l a n t  

Date Drilled 9/16/86, 9/17/86, i0/9/86 Coordinates N 37890.6 E 15178.8 
Boring Method casing Driverm core Ground Surface Elevation 6081.71 

?emarks Logged by: T. Gulliver 

102.0-105.01-Sample. 
Recovered 0.4/3.0'=13%. 
RQD=0.4/0.4'=1000. 
CLAYSTONE: light olive 
gray (5Y 5/2) to olive 
gray (5Y 3/2) : medium 
light gray (N 5) mottles; 
dark yellowish orange 
(10YR 6/6) limonite stain: 
vertical fractures with 
limonite stains: fine- 
grained sand pocket in 
center of core: some wood 
fragments: firm; damp. 

105.0-109.5'-Depth 
correction. CLAYSTONE: 
Same as above: damp. 

109.5-112.5'-Sampie. 
Recovered 0.4/3.01=13%. 
RQD=0/0.4 '~0%. 
CLAYSTONE: Same as above: 
iron concretions: damp. 

112.5-116.5i-Sample. 
Recovered 3.0/4.0*=750. 
RQD30/3.O1=O9. 
CLAYSTONE: medium gray (N 
5) to light olive gray (5Y 
5/2) claystone: firm: 
damp. 

116.5-121.51-Sample. 
Recovered 2.7/5.0'=54%. 
RQD=2.5/2.7'=93%. 
CLAYSTONE: medium dark 
gray (N 4): light olive 
brown (5Y 5/2) to light 
olive gray(5Y 5/6) 
mottles: some silt: 
vertical fracture: firm: 
dry to damp. 

~ 

aenetration 
qesistance 
Bbws/Foot) 

20 4 0  

Project No. 
Mp06222 Hydro-Search, Inc. Page 6 o f  9 
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project: Rocky Flats Plant LOG OF BORING NO. 46-86 

Date Driiled9/16/86, 9/17/86, 10/9/86 Coordinates N 37890.6 E 15178.8 
Boring Method k i n g  kiverm Core Ground Surface Elevation 6C8:. 71 I - 

Elev. 
,feet - Material Description Depth 

121.5-126.5'-Sample. 
Recovered 2.6/5.0'=522. 
RQIF4.3/4.8'=902. 
CLAYSTONE: medium dark 
gray (N 4); trace silt; 
unweathered; soft: sticky; 
damp to moist. 

126.5-131.51-S~ple. 
Recovered 4.8/5.0'=962. 
RQD..4.3/4.8'-902. 

126.5-126.9': CLAYSTONE: 
medium dark gray (N 4 ) ;  
trace silt; calcite filled 
fracture at bottom of 
core; firm; damp. 

126.9-127.6': SANDSTONE: 
dark greenish gray (5GY 
4/1) to dark medium gray 
(N 3 ) ;  very silty; fine to 
medium-grained; moderately 
to poorly sorted: slightly 
calcareous; firm; moist. 

131.5-136.5'-Sarnple. 
Recovered 1.3/5.0'=26%. 
RQD=0.5/1.3'=38%. 
CLAYSTONE: Same as above; 
damp. 

136.5-141.51-Sample. 
Recovered 2.3/5.0'=46%. 
RQPO. 4/2.3 '117%. 
CLAYSTONE: Same as above; 
trace very fine-grained 
sand beds 0.5' thick; verj 
firm; damp. 

~ 

ene tr a tion 
tesistance 
3bw s/ Foot) 

20 40 
7-n-r 



Project: Rocky Flats Plant (LOG OF BORING NO. 46-86 

Date  Drilled 9/16/86, 9/17/86, 10/9/86 Coordinates N 37890.6 E 15178.8 
Boring Method & k g  Driver/NC Ground Surface Elevation 6081.71 ' - 

Elev 
feel - 

3emarks bv: T. Culliver 

141.5-146.5t-Sample. 
Recovered 3.8/5.0'=76%. 
RQD=2.8/3.8'=740. 
SILTSTONE: medium light 
gray (N 6) : sandy: 
interbedded with thin to 
thick beds of fine to very 
fine-grained SANDSTONE: 
moderate sorting: silty: 
abundant convoluted 
contacts: beds dipping at 
30 to 50 degrees: firm: 
damp to moist. 

146.5-151.lt-Sample. 
Recovered 0.5/5.0'=10%. 
RQD~=0/0.5~=0%. 
SILTSTONE: Same as above 
with some claystone; 
sandstone laminations in 
fragments; damp to moist. 

151.1-154.5t-Sample. 
Recovered 3.0/3.0'=100%. 
RQD-0/3.0'=0%. 
SIXSTONE: Same as above 
with very fine-grained, 
medium gray (N 5) sand: 
damp to moist. 

154.5-156.5'-Sample. 
Recovered 0.7/2.0'=35%. 
RQD=0/0.7'==0%. 
SILTSTONE: Same as above: 
medium gray (N 5) with 
medium dark gray (N 4 )  
laminations of claystone; 
firm; damp. 

W #  

Project No. 
106105222 Hydro-Search, Inc. Page 8 of 9 
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Project: Rocky Flats Plant  LOG OF BORING NO. 46-86 

Project No. 
106m222 

Date Drilled 9/16/86, 9/17/86, 10/9/86 Coordinates N 37890.6 E 15178.8 
Boring Method Driver/x Core Qround Surface Elevation 6681.71 1 

Hydro-Search, Inc. Page 9 of 9 

- 
Elev 
,feel - 

~~ 

Material Description 

156.5-161.5'-Sa.mple. 
Recovered 5.0/5.0'=100?. 
RQl2-4.0/5.0'=802. 
SILTSTONE: Same as above 
with interbedded silty 
sandstone at 157.5' to 
158.5' and 160.5' to 
161.5'; sandstone is 
medium gray (N 4); silty; 
very fine to fine-grained; 
laminated; cross-bedded: 
horizontal bedding 
apparent: firm: tight; 
r n O i 8 t .  

161.5-166.51-Sample. 
Recovered 2.3/5.0'=462. 
RQD-0.5/2.3'=220. 
SILTSTONE: Same as above; 
clayey; interbedded with 
claystone; thin (0.3') 
calcite cemented sandy 
cement; moist. 

TOTAL DEPTH: 166.5' 

enetration 
tesistance 
3bws/Foot) 

20 40 
7-rT-r 
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WELL CONSTRUCTION SUMMARY 
LOCATION of COORDS: ELEVATION: GROUND LEVEL 6081 - 71 ' 
N 37890.6 E 15178-8 TOP OF CASING 5083.89 I 

DRILLING SUMMARY: 

TOTAL D E P T H W ~ ~ ~ :  160.79' Hole: 166.50' 

96-50 
DRILLER bVl@s 5- co. 

BOREHOLE DIAMETER 0.00 ' - 9 6 %  1 . 5 lj/8" 
' - 166.50 1 .  . 4!.11 I 

. .  
15865 W. 5th AvP.. w- CO 
(Tan Hi&. Robert Roarh) MsI - .9f$.%&Casingactvancer;96.Mf 

RIG v 

e l ~ ( s )  0.00' - 96.50': Ihwn hole h a m r e  
96.50' - 166.50': CorinP b i t  

96.50' - 166.50: airlwater mist 
SURFACE  CASING^" x 98.5' steel  w l  lockin€ 

DRILLING FLUID 0.00' - 96.50' : NOTE 

W E L L  D E S I G N :  

BASIS: GEOLOGIC LOG 2 GEOPHYSICAL LOG - 
CLISING STFIING(S): C-  CASING SrSCREEN 
0.00' 96.50' CI - 
0.00'- 140.33' C2 - 

140.331- 160.79' SI - 
- 
- 
- - - - -- - -- 

- - 
- - - -- --I---- - -- 

CASING: CI 5'' I.D. steel surface casinP 
c22" I.D. Sch. 5 twe 316 staiw 
=less steel, threaded and flush 
~4 jointed. 

SCREEN: SI  2" I .D. Sch. 5 tvue 316 stain- 
s2 less steel. thread4 arid f b s h  
s3 iointed, 0.010'' wirewrap screen, 
~40 .25 '  welded bottom cap. 

C E ~ A L I ~ S  T w e  304 stainless steel 
150.49' - 151.66' 

~ L T E R  MAERIAL 32-42 s i l i c a  sand 

CEMENT Portland T m  I 

OTHER 3/8" bentonite wllets 

138.90' - 163.00' 

0.00' - 138.90' 

137.50' - 138.90' 
163.00' - 165.00' 

HY DRO-SEA RCH RENOODENVER 

C O N S R U C T I O N  TlME LOG: 
I s r A R r  

TASK 

DRILL1 NG: 

- 

NC Core 

GEOPHYS LOGGING: 

CASING: 
'1 1 

2" stainless 

9/lh 
10/9 

10/20 
IO /20 

9/lh 
10/2 1 

_0840 
1600 - 

OTHER: 

1-1- 

FlN lSH 

DATE T U  
1986 

10/15 1645 
10/20 151 I 
10/20 I51 I 

9/161643 -- 
-- 
9/161643 

10/2 I 1645 -- 
10/21 1120 
10/23 loo0 
11/13 iico 

I 

10/22 1605 
10/22 1150 
IO/ 19 !030 

W E L L  DEVELOPMENT 

See Well Develovrent Sunnary Sheet. 

COMMENTS: 

Water encountered at 60' durine drr! 1 Ino. 

TOD of stainless steel  casinn: ? . 1 7  ' 

Cave from TD to 165.00' 

CONSULTING HYDROLOGI STS- GEOLOGISTS 



SHEET 

1100 

DATE 

Sampled 

3-30-86 

3-30-86 

1-03-86 

1-04-86 

1-05-86 

1-06-86 
~ 

1-07-86 

1 - 10-86 

- -  

- -  

1-1 3-86 





3 

4 Tcc 
= 372 

Ut) = 

5 



T 
Time 

(min.) 

6 0 . 5 0  
6 1 . 0 0  
61 .50  
6 2  . O O  
6 2 . 5 0  
6 3 . 0 0  
6 3 . 5 0  
6 4 . 0 0  
6 4 . 5 0  
6 5 . 0 0  
6 6 . 0 0  
6 7 . 0 0  
6 8 . 0 0  
6 8 . 0 0  
7 0 . 0 0  
7 1 . 0 0  
7 2 . 0 0  
7 3 . 0 0  
7 4 . 0 0  
7 5 . 0 0  
7 7 . 0 0  
7 9  . o o  
8 1 . 0 0  
8 3 . 0 0  
8 5 . 0 0  

' 8 7 . 0 0  
8 9 . 0 0  
9 1 . 0 0  
9 3 . 0 0  
9 5 . 0 0  

1 0 0 . 0 0  
1 0 5 . 0 0  
1 1 0 . 0 0  
1 1 5 . 0 0  
1 2 0 . 0 0  
1 2 5 . 0 0  
1 3 0 . 0 0  
1 3 5 . 0 0  
1 4 1 . 0 0  
1 4 6  . O O  
1 5 5 . 0 0  
1 6 5 . 0 0  
1 7 5 . 0 0  
1 8 5 . 0 0  
2 1 0 . 0 0  
2 9 0 . 0 0  

1 2 7 0 . 0 0  
1 3 5 8 . 0 0  
1 7 3 5 . 0 0  
2 7 4 5 . 0 0  
4 4 0 8 . 0 0  

T' 
T Prime 
(min.) 

0 . 5 0  
1 . 0 0  
1 . 5 0  
2 . 0 0  
2 . 5 0  
3 . 0 0  
3 . 5 0  
4 . 0 0  
4 . 5 0  
5 . 0 0  
6 . 0 0  
7 . 0 0  
8 . 0 0  
8 . 0 0  

1 0 . 0 0  
1 1 . 0 0  
1 2 . 0 0  
1 3 . 0 0  
1 4 . 0 0  
1 5 . 0 0  
1 7 . 0 0  
1 9 . 0 0  
2 1 . 0 0  
2 3 . 0 0  
2 5 . 0 0  
2 7 . 0 0  
2 9 . 0 0  
3 1 . 0 0  
3 3 . 0 0  
3 5 . 0 0  
4 0 . 0 0  
4 5 . 0 0  
5 0 . 0 0  
5 5 . 0 0  
6 0 . 0 0  
6 5 . 0 0  
7 0 . 0 0  
7 5 . 0 0  
8 1 . 0 0  
8 6 . 0 0  
9 5 . 0 0  

1 0 5 . 0 0  
1 1 5 . 0 0  
1 2 5 . 0 0  
1 5 0 . 0 0  
2 3 0 . 0 0  

1 2 1 0 . 0 0  
1 2 9 8 . 0 0  
1 6 7 5 . 0 0  
2 6 8 5 . 0 0  
4 3 4 8 . 0 0  

WELL 46-86 
S '  Water 

Level Rsd Drwdn 
(ft.) (ft.1 

1 6 2 . 6 3  1 3 . 4 2  
1 6 2 . 5 7  1 3 . 3 6  
1 6 2 . 5 1  1 3 . 3 0  
1 6 2 . 4 6  1 3 . 2 5  
1 6 2 . 4 0  1 3 . 1 9  
1 6 2 . 3 7  1 3 . 1 6  
1 6 2 . 3 1  1 3 . 1 0  
1 6 2 . 2 7  1 3 . 0 6  
1 6 2 . 2 1  1 3 . 0 0  
1 6 2 . 1 7  1 2 . 9 6  
1 6 2 . 1 0  1 2 . 8 9  
1 6 2 . 0 1  1 2 . 8 0  
1 6 1 . 9 2  1 2 . 7 1  
1 6 1 . 8 5  1 2 . 6 4  
16.1. 77 1 2 . 5 6  
1 6 1 . 7 0  1 2 . 4 9  
1 6 1 . 6 0  1 2 . 3 9  
1 6 1 . 5 7  1 2 . 3 6  
161 .50  1 2 . 2 9  

1 6 1 . 2 9  1 2 . 0 8  
1 6 1 . 1 8  1 1 . 9 7  
1 6 1 . 0 8  1 1 . 8 7  
1 6 0  9 7  1 1 . 7 6  
1 6 0 . 8 6  1 1 . 6 5  
1 6 0 . 7 6  1 1 . 5 5  
1 6 0 . 6 7  1 1 . 4 6  
1 6 0 . 5 9  1 1 . 3 8  
1 6 0 . 5 1  1 1 . 3 0  
160  4 4  1 1 . 2 3  
1 6 0 . 2 5  1 1 . 0 4  
1 6 0 . 0 7  1 0 . 8 6  
1 5 9 . 9 2  1 0 . 7 1  
1 5 9 . 7 7  1 0 . 5 6  
1 5 9 . 6 8  1 0 . 4 7  
1 5 9 . 5 9  1 0 . 3 8  
1 5 9 . 5 0  1 0 . 2 9  
1 5 9 . 4 4  1 0 . 2 3  
1 5 9 . 3 6  1 0 . 1 5  
1 5 9 . 2 8  1 0 . 0 7  

1 6 1 . 4 1  1 2 . 2 0  

1 5 9 . 2 2  
1 5 9 . 0 8  
1 5 9 . 0 3  
1 5 8 . 9 9  
1 5 8 . 9 1  
1 5 8 . 7 0  
1 5 6 . 4 5  
1 5 6 . 7 1  
1 5 6 . 3 0  
1 5 4 . 6 7  
152 . O O  

1 0 . 0 1  
9 . 8 7  
9 . 8 2  
9 . 7 8  
9 . 7 0  
9 . 4 9  
7 . 2 4  
7 . 5 0  
7 . 0 9  
5 . 4 6  
2 . 7 9  

lOg(T/T') 

2 . 0 8  
1 . 7 9  
1 . 6 1  
1 . 4 9  
1 . 4 0  
1 . 3 2  
1 . 2 6  
1 . 2 0  
1 . 1 6  
1.11 
1 . 0 4  
0 . 9 8  
0 . 9 3  
0 . 9 3  
0 . 8 5  
0 . 8 1  
0 . 7 8  
0 . 7 5  
0 . 7 2  
0 . 7 0  
0 . 6 6  
0 . 6 2  
0 . 5 9  
0 . 5 6  
0 . 5 3  
0 . 5 1  
0 . 4 9  
0 . 4 7  
0 . 4 5  
0 . 4 3  
0 . 4 0  
0 . 3 7  
0 . 3 4  
0 . 3 2  
0 . 3 0  
0 . 2 8  
0 . 2 7  
0 . 2 6  
0 . 2 4  
0 . 2 3  
0 . 2 1  
0 . 2 0  
0 . 1 8  
0 . 1 7  
0 . 1 5  
0 . 1 0  
0 . 0 2  
0 . 0 2  
0 . 0 2  
0 . 0 1  
0 . 0 1  
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WELL 4 L  -66 
PUMPlNG or OeSERVATlON WELL 
PUMPING or RECOVERY DATA 

AQUIFER TEST DATA 
R P E  OF AOUIFEA TEST 
HOW 0 MEASURED PAGE-, OF 

HOW W.L.'s MEASURED DEPTH OF PUMP/AIRPIPE 

RAOJDIST. OFPROM PUMPING WEU PUMP ON: date 
PUMP OFF: Qat0 MEAS. POINT FOR W.t.'s 

ELEVATION O f  MEAS POINT DURATION OF AOUIFER TEST 

tlmo 
time 

COMMENTS 



PACKER TEST ANALYSIS 
WELL NO. 46-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 10 /17 /86  BY: C.W. WALKER 

TEST INTERVAL (FEET BELOW G.S . ) :  107 .27  - 1 1 7 . 3 0  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  1 3 2 . 6 3  

Q L 
M(--) 

2 ( P I )  (L )  (HI  R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00009268 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 1 0 . 0 3  FEET 
TEST INTERVAL I S  ABOVE WATER TABLE 
HEAD = DEPTH OF CENTER OF INTERVAL + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 1 1 2 . 2 9  + 5 .90  + 1 . 7 0  * 2 . 3 1  = 1 2 2 . 1 1  

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000501 FT/MIN 
K = .00000003 CM/SSC 

P2/3 TEST ABORTED e 



PACKER TEST ANALYSIS 
WELL NO. 46-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 10/17/86 BY: C.W. WALKER 

TEST INTERVAL (FEET BELOW G.S.): 130.22 - 140.25 
MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G.S.): 132.63 

Q L 
LN(--) 

2(PI) (L) (HI R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00003765 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 10.03 FEET 
TEST INTERVAL IS ABOVE WATER TABLE 
HEAD = DEPTH OF CENTER OF INTERVAL + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 135.24 + 5.90 + 1.98 * 2.31 = 145.71 

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000171 FT/MIN 
K = .00000001 CM/SEC 

P2/3 TEST 
Q = INJECTION RATE = .00103825 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 10.03 FEET 
TEST INTERVAL IS ABOVE WATER TABLE 
HEAD = DEPTH OF CENTER OF INTERVAL + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 135.24 + 5.90 + 28.30 * 2.31 = 206.51 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000003320 FT/MIN 
K = .00000017 CM/SEC 

2ND P1/3 TEST 
Q = INJECTION RATE = .00027368 (FEET3/MIN) 
L = LENGTH O F  TEST INTERVAL = 10.03 FEET 
TEST INTERVAL IS ABOVE WATER TABLE 
HEAD = DEPTH OF CENTER OF INTERVAL + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 135.24 + 5.90 + 1.70 * 2.31 = 145.06 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000001246 FT/MIN 
K = .00000006 CM/SEC 



PACKER TEST ANALYSIS 
WELL NO. 46-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 10 /17 /86  BY: C.W. WALKER 

TEST INTERVAL (FEET BELOW G . S . ) :  140 .64  - 150 .67  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G.S . ) :  1 3 2 . 6 3  

Q L 
LN(--) 

2 ( P I )  (L)  (HI R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00003620 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 10.03 FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 1 3 2 . 6 3  + 5 .90  + 1 . 8 0  * 2 . 3 1  = 1 4 2 . 6 9  

R = BOREHOLE R A D I U S  = . 16  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000168 FT/MIN 
K = .00000001 CM/SEC 

P2/3  TEST 
Q = INJECTION RATE = .00319439 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 1 0 . 0 3  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 1 3 2 . 6 3  + 5 .90  + 3 0 . 5 0  * 2 . 3 1  = 208 .99  

R = BOREHOLE R A D I U S  = . 16  FEET 

0 
K = HYDRAULIC CONDUCTIVITY = .0000010094 FT/MIN 

K = .00000051 CM/SEC 

2ND P1/3 TEST 
Q = INJECTION RATE = .00046917 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 1 0 . 0 3  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 1 3 2 . 6 3  + 5 . 9 0  + 1.90 * 2 . 3 1  = 1 4 2  

R = BOREHOLE RADIUS = . 1 6  FEET 
92 

K = HYDRAULIC CONDUCTIVITY = .0000002168 FT/MIN 
K = .00000011 CM/SEC 



PACKER TEST ANALYSIS 
WELL NO. 46-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 10/17/86 BY: C.W. WALKER 

TEST INTERVAL (FEET BELOW G.S.): 151.00 - 161.03 
MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G.S.): 132.63 

Q L 
LN(--) 

2(PI) (L) (H) R 
K E ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00005792 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 10.03 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 132.63 + 5 . 9 0  + 1.80 * 2.31 = 142.69 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000268 FT/MIN 
K = .00000001 CM/SEC 

P2/3 TEST 
Q = INJECTION RATE = .00047641 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 10.03 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 132.63 + 5.90 + 33.25 * 2.31 = 215.34 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000001461 FT/MIN 
K = .00000007 CM/SEC 

2ND P1/3 TEST 
Q = INJECTION RATE = .00006371 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 10.03 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 132.63 + 5.90 + 1.90 * 2.31 = 142.92 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000294 FT/MIN 
K = .00000001 CM/SEC 
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081 1 5 188 

ROCKY FLATS WEST SPRAY F I E L D  

WATER LEVEL SUMMARY 

WELL SAMPLE 
NUMBER DATE 

4686 10/30/86 
11/03/86 
1 1/11 /86 
11 / 12/86 
1 1 / 13/86 
11/26/86 
0 1/01 187 
02/01 187 
03/31/87 
0 5 10618 7 
06/01/87 
07 108187 
08/03/87 
08/13/87 
081 31 187 
09/28/87 
11 102187 
12 107187 
0 1/05/88 
02/03/88 
02/04/88 
03/14/88 
041 1 1 188 
0 5 / 12 /88 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER HATER 
SURFACE CASING ST I CK  OF S I  OF S I  DEPTH DEPTH SURFACE 
ELEVATION ELEVATION Up - BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6081.71 6083.89 2.18 160.79 5941.38 5920.92 160.8 100.27 5983. 62 
137.21 5946.68 
145.52 5938.37 
157.43 592 6.46 
157.71 5926.18 
143.35 5940.54 
85.19 5998.70 
78.00 6005.89 
74.23 6009.66 
72.25 601 I .  64 

112.20 597 I .69 
117.20 5966. 69 
92.20 5991.69 
87.90 5995.99 

116.90 5966.99 
158.50 5925.39 
105.70 5978.19 
117.00 5966.89 
83.70 6000.19 
80.80 6003.09 
80.80 6003.09 
92.00 5991.89 
82.60 6001.29 

134.80 5949.09 
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Project: Rocky Flats Plant LOG OF BORING NO. 47-86 
Date Drilled w 2 4  1'86, lQ/27 /86 Coordinates N 37m.9 E 15184.1 
Boring Method Casing Driver Ground Surface Elevation -1.92' - 

€lev 
,feel 
7 

Mat eriai 0 esc rip t ion 

ROCKY FLATS A I U V I U M  

O-7.0f-Cuttinga. GRAVEL: 
quartzite cobble gravel: 
fine. <52, dry. 

7.0-8.0'-Cuttinga. 
GRAVEL: moderate yellow- 
ish brown (1OYR 5/4) : 
moderate sorting; sub- 
rounded: dry. 

8.0-10.0f-cuttingm. 
GRAVEL: moderate yellow- 
ish brown (1OYR 5/4) : 
poorly sorted: subrounded: 
dry. 

10.0-18.0'-CuttingS. 
GRAVEL: moderate yellow- 
ish brown (10YR 5/4)  : 52 
silt: 5-20% sand: poorly 
sorted; subrounded; 
thin sand and silt unit8 
0.1-0.2' thick: dry. 

18.0-42.0*-Cuttings. 
GRAVEL: moderate yellow- 
ish brown ( 1 O Y R  5 / 4 ) ;  
quartzite cobbles and 
boulders: granitic 
material comon: Linea 
<I%; dry. 

Remarks Lo@ by: T. Gulliver 

'en tration 
?es% t ance 
Bbws/Foot) 

20 40 
T 

1111 



- 

Project: Rocky Flats Plant  ILOG OF BORING NO. 47-86 

Date Drilled I0/24/86, 10/27/86 Coordlnates N 37860.9 E 15184.1 
Boring Method Casing Driver Ground Surface El8VatiOn 6G21.92' - 

Ilev. 
feet - 

Remarks Lo& by: T. Chlliver 

'enettation 
lesistance 
B ~ W S / F O Q ~ )  

20 40 



Rocky Flats Plant  ILOG OF BORING NO. 47-86 
Project: 

Date Drilled 10124 186, IO /27 /a6 Coordinates N 37860.9 E 15184.1 
Boring Method Casing Driver Ground Surface Elevation 6081.92' - 

Elev. 
feet - 

Material Description Depth 

42.O-44.Ot-Cuttingm. 
SILT: moderate brown (SYR 
4 / 4 ) :  clayey; sandy; 8010 
carbonaceous fragments; 

44.0-45.Of-Cuttingu. 
SAND: light brown (5YR 
5/6) ; fine gravel; 
6ubrounded; d r y .  

45.0-48.0'-Cutting8. 
GRAVEL: light brown (5YR 
5/6): poorly sorted; 
subrounded; dry. 

8ubpla8tiC; d-. 

48.O-56.Of-Cuttings. 
GRAVEL: light brown (5YR 
5/6); abundant cobbles and 
boulders: fines ~ 5 % ;  
poorly sorted; subroundad; 

56.0-58.0f-Cuttfngs. 
SILT: moderate brown (5YR 
4 / 4 ) ;  sandy: poorly 
sorted; fines <15%: dry. 

58.0-59.0'-Cuttfngs. 
GRAVEL: moderate brown 
( ~ Y R  4 1 4 ) :  cobbles: fines 
c12: poorly a0rt.d:  dry. 

Remarks Irsgned bv: T. Gulliver 

en tratian 
I e s% t anc e 
3bws/Foot) 

20 40 
11rl 



Project: Rocky Flats Plant ILOG OF BORING NO. 47-86 

Date Drilled 10/24/86, 10/27/86 Coordinates N 37860.9 E 15184.1 
Boring Method Casing Driver Ground Surface Elevation 6081.92' - 

Ilev. 
feet - 

59.0-68.0~-Cuttinga. 
GRAVEL: moderate brown 
(5YR 4/4) ; abundant 
muscovite from 63.O-68.Oi; 
silt 30-608; darp. 

68.0-78.0i-CUtting8. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  silty; finem 
10-30Z; poorly sorted; 
dry. 

78.0-93.0'-Cutting#. 
GRAVEL: moderate brown 
(5yR 4 /4 )  ; moderate brown 
(5YR 4 / 4 ) ;  fines <5%; 
abundant cobbles; pOOtly 
80rtOdI dry. 

?emarks b& by: T. Gulliver 

en tration 
t e s7s t anc e 
Bbws/Foot) 

20 40 m 



Project: Rocky Flats Plant   LOG OF BORING NO. 47-86 

Date Drilled 10/24/86, 10/27/86 Coordinates N 37860.9 E 15184.1 
Boring Method casing Driver Ground Surface Elevation 6081.92 - 

Ilev. 
feet - 

LARAMIE FORMATION 

93.0-100.0’-Cutting8. 
SILTSTONE: light olive 
gray (5Y 6/1) ; clayey; 
well laminated; plastic; 
moist. 

TOTAL D E m :  100’ 

Remarks In@ by: T. Gulliver 

en tration 
1es.s t anc e 



1986 
QaEw 

10/241235 

WELL 4 7-86 

JCT 'ION SUMMARY '0 

- 1  0 

.2 0 

-4 0 

- 5  0 

'6 0 

-7 0 

-8 0 

'9 0 

WELL CONSTRl 
LOCATION or COORM: 
N 37860.9 E 15184.1 

ELEVATION: GROUND L M L  6081 - 97 ' 
TOP OF CASING 6O84-08' 

CONSTFIUCTION nME LOG: DRILLING SUMMARY: 

TOTAL DEPTH Well: 94.49' Hole: 100.00' 

53.50' - 100.00': 4 718'' 

DRILLER Bovles Brothers Drillinz Co. 

BOREHOLE  DIAMETER^.^^' - 53-50' : 5 518'' 

15865 W. 5th Avenue, Golden. CO 
(Arrow Drilling, Tan H i p h )  

RIG C a s k  advancer 
~ l ~ ( s )  0.00' - 56.00': h hole WK 
56.00' - 100.00': Tr~icone b i t  
DRILLING FLUID 

FINISH 
TASK - TlME 

I215 

QAIE 
1986 
10/27 

DRILLING: 

3%2- 

-- - I  - GEOPHYS LOGGING: 

CASING: 
2'' stainless 

FILTER PLACEMEN7 

CE MEPITI NO: 
CNELCPMENT: 

OTHER: 
Bentonite 

10/27 
- 
IO I28 
10128 

- 
10128 

I350 

IO127 13% 
-G{..;- 

0900 
0920 

SURFACE CASING 5'' x 5' steel w/ lockinncau 

WELL DESIGN: 

BAS IS :  GEOLOGIC LOG x GEOPHYSICAL LOG - 
US ING  SlXlNGIS): C:CASING S=SCREEN 
0.00' 6.23' CI - 
6.23'- 94.49' SI - - -- - -- 
- -- - -- - - - -- - -- - - - -- - -- - e - -- - -- - - - -7 - -- - - - -- - -- - - - -- - -- 
CASING: C I  2" I.D. Sch. 5 t m  316 S- 

less steel, threaded and flush 
jointed. 

SCREEN: S I  2'' I.D. Sch. 5 twe 316 stain- 
less steel. threaded and flush 
iointed. 0.0 IO" wire wraD screeq, 
0.25' welded bottan caD. 

CENTRALIZERS T v ~ e  30!+ stainless steel 
87.56' - 88.79' 

09 15 

~ 

WELL DEVELOP M E NT 

COMMENTS: 

Water encounte red at 92' durinp drillina. 

TOD of stainless stPp1 c&ug ' : 2.07' 

100 HYDRO-SEARCH RENO~DENVER CONS U LTI N G HY D R 0 LOG I STS - G EO LOG 1 ST$ 



Well No.: 4i-a6 

DATE 

10-30-86 

10-30-86 

11-03-86 

11-04-86 

1 1-05-86 

11-06-86 

11-07-86 

TIME METHOO VOLUME APPEARANCE COMMENTS 

1 Well Bore Volume = 6.26 gals 
081 5 10 Well Bore Volume = 62.68 gals 

0815 Airlifted spray 
Tan - light brown _____  
Medium to dark 

1420 Bai led 17.5 q a l s  reddish brown 17.5162.68 gals purged to date 
Tan - light brown 

0930 Airlifted --- 
Medium brown 
Very turbid 33.5/62.68 aals D uraed to date 1340 Ba i I ed 16 gals 

Medium brown 
1215 Bailed 31 aals Very turbid 64/62.68 gals purged to date 

Medium brown Purged 18 gals; 
1130 Bai led 18 gals slightly turbid 82/62.68 purged to date 

----- 
~~ 

spray 



SHEET- of - 
CLIENT/SUBJECT l?ackUJ e 
TASK DESCRIPTION G-/ eA 
PREPARED BY 1-1. G, n. APPROVED BY 1 

MATH CHECK BY 

1 

1 

I 

DATE METHOD REV. BY  DEPT DATE 1 DEPT , 

\/\/ELL 47-Sd 

3 

QFW '0-05-003:A-5/ 85 



SHEET- of - 
CLIENT~SUBJECT Rockwe/ 1 w 0. NO m 9 - 2  9 - CU 

PREPARED BY H. c- a *  
TASK DESCRIPTION Nest SDt"C*\&Ll u- k -+e V ,A* TASKNO. 0030 

DEPT ' ~ ~ 3 5 1  
MATH CHECK 8Y2%(7 DEPT 1 3 % 3  DATE 1 
METHOD REV. BY I DEPT DATE I OEPT DATE 

R F N  '0-05-003 A-5185 



WELL 47-86 
T T' Water S' ~-(~"2/2b) 

Time T Prime Level Rsd Drwdn b=37.69' 
( m i n . )  ( m i n . )  (ft.) ( f t 4  (ft*) 

65.50 
66.00 
66 .50 
67.00 
67.50 
68.00 
68.50 
69.00 
69.50 
70.00 
71.00 
72.00 
73.00 
74.00 
75.00 
76.00 
77 . oo  
78.00 
79.00 
80.00 
a2 .,oo 
84.00 
86.00 
88.00 
90.00 
92.00 
94.00 
96.00 
98.00 
100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 

0.50 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
6.00 
7 . 0 0  
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
17.00 
19.00 
21.00 
23.00 
25.00 
27.00 
29.00 
31.00 
33.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 

63.95 
63.51 
63.23 
62.93 

62.50 
62.29 
62.13 
61.98 
61.85 . 
61.65 
61.47 
61.30 
61.18 
61.05 
60.95 
60.85 
60.78 
60.71 
60.65 
60.52 
60.43 
60.34 
60.26 
60.18 
60.12 
60.06 
60.01 
59.95 
59.89 
59.78 
59.69 
59.60 
59.55 
59.49 

59.39 
59.34 

62.68 

59.4'5 

5.08 
4.64 
4.36 
4.06 

3.63 
3.42 
3.26 
3.11 
2.98 
2.78 
2.60 
2.43 
2.31 
2.18 
2.08 

1.91 
1.84 
1.78 
1.65 
1.56 
1.47 
1.39 
1.31 
1.25 
1.19 
1.14 
1.08 
1.02 
0.91 
0.82 
0.73 
0.68 
0.62 
0.58 
0.52 
0.47 

3.81 

1.98 

4.74 
4.35 
4.11 
3.84 
3.62 
3.46 
3.26 
3.12 
2.98 
2.86 
2.68 
2.51 
2.35 
2.24 
2.12 
2.02 
1.93 
1.86 
1.80 
1.74 
1.61 
1.53 
1.44 
1.36 
1.29 
1.23 
1.17 
1.12 
1.06 
1.01 
0.90 
0.81 
0.72 
0.67 
0.61 
0.58 
0.52 
0.47 

log(T/T') 

2.12 
1.82 
1.65 
1.53 
1.43 
1.36 
1.29 
1.24 
1.19 
1.15 
1.07 
1.01 
0.96 
0.91 
0.88 
0.84 
0.81 
0.78 
0.75 
0.73 
0.68 
0.65 
0.61 
0.58 
0.56 
0.53 
0.51 
0.49 
0.47 
0.46 
0.42 
0.39 
0.36 
0.34 
0.32 
0.30 
0.29 
0.27 
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WELL 9 7- 86 
PUMPING or RECOVERY DATA 
PAGE.- OF 2, 

AQUIFER TEST DATA PUMPING or OBSERVATION WELL 
TTPE o f  AQUIFER TEST .- tdowfl /&& ~6 r\/ rd= 5 5 6 '  
noY 0 MEASURED 4figc.I 
HOW W.L.'s MEASURED 
Roo./OIsT. OF/FROH RJMPlNG WELL PUMP ON: dote i l / f g / s  time 

time MUS. POINT FOR W.L.'s 
ELEVATION O f  MUS.  POINT 

DEPTH OF PUMP/AIRPIPE - 

PUMP OFF: aotb 1 1  i 14flZ 
DURATION OF AOUIFER T E  

c 
0 

0 
% 
a 

HYDRO-SEARCH RENO OENVER CONSULTING HYDROLOGISTS-GEOLOG I STS 
4 4  



WELL fL7- s 
PUMPING or 00SERVATION WELL 
PUMPING or RECOVERY DATA 

AQUIFER TEST DATA 
mPE ff W l F  EA TEST 

now W.L.'s MEASURED DEPTH OF PUMP/AIRPIPE 
R1U)./OtSI: OF/FROH PUMPING WELL 
Mas. POINT FOR W.L.5 

HOW 0 MEASURW PAGEL OF 7, 

t tme 
time 

PUMP ON: dote 
PUMP OFF: date 

ELEVATION Of  MUS.  POINT DURATION OF NUIFER TEST 

I i I 

I I 

HYDRO-SEARCH RENO DENVER CONSULTING HYDROLOGiSTS-GEOLOG I STS 



08/15/88 

WELL SAMPLE 
NUMBER DATE - -  
4786 10/30/86 

11/03/86 
11/05/86 
11/06/86 
1 1 107 186 
11/26/86 
01/01 187 
02/23/87 
03/31 187 
05/06/87 
06/01/87 
07/08/87 
08/03/87 
08/13/87 
08/31 187 
09/28/87 
11/02/87 
12 107187 
01/05/88 
02/03/88 
02/04/88 
03/14/88 
04/11/88 
051 12 188 

ROCKY FLATS WEST SPRAY F I E LD  

WATER LEVEL SUMMARY 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER WATER 
SURFACE CASING ST I CK  OF S I  OF S I  DEPTH DEPTH SURFACE 
ELEVATION ELEVATION Up - BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6081.92 6084.08 2.16 94.49 6075.69 5987.43 94.49 58.67 6025.41 
58.74 
58.30 
58.68 
58.68 
58.91 
59.50 
59.42 
59.23 
56.67 
54.43 
53.90 
54.20 
54.10 
54.70 
55.00 
55.10 
55.00 
56.30 
56.40 
56.40 
56.80 
57.30 
57.40 

6025.34 
6025.78 
6025.40 
6025.40 
6025.17 
602 4.58 
6024.66 
6024.85 
6027.41 
6029.65 
6030.18 
6029.88 
6029.98 
6029.38 
6029.08 
6028.98 
6029.08 
6027.78 
602 7.68 
602 7.68 
602 7.28 
6026.78 
6026.68 



INDEX OF D A T A  
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WEST SPRAY FiELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT. GOLDEN, COLORADO APPENDIX B 



Rocky Flats Plant LOG OF BORING NO. 48-86 Pro /act: 

Date Drilled 9/18/86,9/19/86, 10/23/86- 11/13/86 Coordinator N 36025.2 E 15175.9 
Boring Method Casing DriverN Core Ground Surf aca Elavrtion 6096.58 I 

Materirl Dercriptlon 

0-7.0 -Cutting.. GRAVEL: 
moderate brown (10YR 1 /41  : 
granite and quartzite 
cobbles and boulders: 
silty sand matrix: poorly 
sorted: unconsolfdatd; 
dry. 

7.0-9.0'-Cuttings. 
BOULDER: large quartzite 
boulder. 

9.0-33.0~-~uttings. 
GRAVEL: moderate brovn 
(1OYR 4 / 4 )  : granitic 
pebbles and cobbles: 15- 
30I sand: poorly sorted; 
unconsolidated; damp. 

?.mark8 Z o d  bv: T. Culliver & T. t4rd-w 



Rocky Flats Plant ~ L O G  OF BORING NO. 48-86 
Pro joct: 

Date Orilled9/18/80, 9/19/86, 10/23/86- I 1/13/86 Coordln8teo N 36025.2 E 15175.9 
Boring Method Casing Driverm Cor- around Surface Elev8tlon 6096.68 

33.0-35.O1-Cuttings. 
BOULDER: large quartzite 
boulder. 

35.0-46.0'-CuttingS. 
GRAVEL: moderate brovn 
(1oYR 4 / 4 ) :  granitic 
pebbles and cobbles: 15- 
3Oa sand; poorly sorted: 
unconsolidated; damp. 

Project No. 
!&Po6222 H y dr o-Sea rc h , I nc. Page 20f 11 

lomark8 Logged by: T. Qdliver & T. N q h y  



46.0-60.0'-Cuttfnga. 
SAND: moderate brovn 
(LOYR 4/4): 20-308 
granitic pebbles  and 
cobbles; sand and silt 
matrix: p o o r l y  sorted: 
unconsolidated: moist to 
wet. 

?.mark8 Logged by: T. Qllliver & T. &qhy 

Project No. 
106p06222 Hydro-Search, Inc. Page 3 of 1 1  



LOG OF BORING NO. 4- Probct: ~ o c k y  Flats Plant 

Date Drilled 9/18/86, 9/19/86, 10/23/86- 11/13/86Coordin~t08 N 36025.2 E 15175.9 

Boring Method casing Driver/NC a r e  Ground Surfrco Elovrtlon 6096.68 ' 

I 

60.0-70.0'-Cutting8. 
GRAWL: roderate bran! 
(1OYR 4/4); 50-60% granite 
and quartzite pebbles and 
cobbles; silty sand 
matrix; poorly morted; 
unconsolidated; vet. 

Rem8rk8 Logged by: T. Culliver & T. k r @ v  



project: Rocky Flats Plant ~ L O G  OF BORING NO. 48-86 

Date Drilled 9/18/86,9/19/86, 10/23/86- 11113/86Coordinater N 36025.2 I? 15175.9 
Boring Method Casing Driverm Core Ground Surface Elevation 609G,68' 

?emarks 

79.0-8 1.2 ' : 
same as above; yellowish 
gray (5YR 7/21: soft; iron 
stained. 8 1.2 -8 2 2': 
IRONSTONE; dark reddish 
brown (10R 3/4): mottled 
w i t h  olive gray (5Y 3/2) 
claystone: grades into 
yellowish gray (5Y 7/2) 
to light gray claystone 
at 82.3 to 84.0': trace 
silt: abundant vertical 
and horizontal fractures 
w i t h  limonite mtaina 
(1OYR 6/6); firm to hard: 
darp- 

CLAYSTONt : 

84.0-89.O8-Barple. 
Recovered 5 .0/S.0~-100%. 
RQI)r3.6/5.0'=72%. 
CLAYSTONE: medium light 
gray (N 5/01 to medium 
gray (N 4/01; silty in 
places: wood fragments: 
subvertical and hori- 
zontal fractures w i t h  
limonite stain (lorn 
6/61: no apparent bedding; 
highly fractured: soft to 
moderately firm: damp. 

89.0-94.08-Sarple. 
Recovered 4.0/ 5.0'=802. 
RQD-4.0/4.0'=1002. 
89 .O-90.8 : SILTSTONE: 
medium light gray (N 4/0); 
fine sand and clay: grades 
down into claystone: 
subvertical fractures (60- 
80°) to subhorizontal 
fractures: firm; damp. 
90.8-9 4.0' : CLAYSTONE : 
same as 84.0-89.0': 
fractures at 92.4-94.0' : 
coated w i t h  limonite stain 
(1OYR 6/6): f i n ;  damp. 

94.0-99.0'-S=ple. 
Recovered 4.6/5.0'=92%. 
RQD-2.8/4.6 I =61%. 
CUYSTONE: same as above: 
light olive gray (5Y 5/2);  
numerous horizontal and 
subhorizontal thin 
ironstone and limonite 
layers ( ~ 0 1 " )  w i t h  

'en tration 

8 b w slfoot) 
2 0  4 0  

3 8 s7s t ance 

TT7-r 

Logged by: T. Gulliver & T. Mqhy  Checked by: 

Project No. 
106po6222 Hydro-Search, lnc. Page 5 of 11 



Project: Rocky Flats Plant  ILOG OF BORING NO. 48-86 

Date Drilled 9/18/86, 9/19/86, 10/23/86- 11/13/86Coordinates N 36025.2 E 15175.9 
Boring Method Casing DriverlNC Core Ground Surface Elevation 6096.681 

Material Description Depth 
(feet) Typ 

irbnstone fragrurts; 
altered wood fragments: 
interbedded fine sandy 
clayey 0 il tstone beds : 
0.8' thick: firm; d8rp. 

99.0-104.0t-Sample. 
Recovered 1.4/ 5.0 '=282. 
RQD=1.0/1.4'-71%. 
SILTSTONE: light olive 
gray (5YR 5/2) to medium 
light gray (N 5/0); trace 
very fine 8and: clayey: 
limonite fractures 
(horizontal) . 
104.0-109.0q-Sample. 
Recovered 2.9/5.0'-58%. 
RQD- 1.9/ 2.9 -6 6 Z . 
CLAYSTONE: light medium 
gray (N 4/10) to dark 
yellow ish orange (lOYR 
6/6) ; numerous 
subhorizontal limonite 
stained fractures: soft: 
damp to moist. 

109.0-112.0~-Saaple. 
Recovered 3.0/3.0'-1002. 
RQD= 2.9/ 3.0'=97%. 
SILTSTONE: medium gray to 
dark gray (N 4/0 to N 
3/0) ; trace sand; clayey; 
carbonaceous; occasional 
thin claystone beds; 
yellowish gray (5Y 7/21 
concretions; slightly 
calcareous. 

Depth correction: total 
depth of borehole=ll4.2*. 

114.2-117.2t-Sample. 
Recovered 2.9/3.0'=972. 
RQD=0.7/2.9'=24%. 
SILTSTONE: same as above 
with sandy laminations; 
calcite cemented layer 
(0.2'); few yellowish gray 
(5Y 7/2) concretions: 
firm; damp. 

en tration 
I e s7s t anc e 
3 b w s/Foot) 

2 0  4 0  nl-r 

1 
I I I I I I  

I i i n  

Remarks zO& by: T. Gulliver & T. Fixpi-~y Checked by: . .  - -  

Project No. 
106po6222 Hydro-Search, Inc. Page 6 of 11 



project: Rocky Flats Plant ILOG OF BORING NO. 4w 
- 

Date Drilled 9/18/86,9/19/86, lo/=/%- 11/13/86Coordlnates N 36025.2 E 15175.9 

~ Material Descriptlon Depth 
(feet) Typ 

R e m a r k s  

117.2-122.2'-Sample. 
Recovered 4.6/5.0*=92%. 
RQD.3.5/4.6'-762. 
SILTSTONE: dark to medium 
gray (N 5/0 to N 3/0): 
interbedded layers of 
milty 8andstone; sandy 
8iltstone and clayey 
8iltStOne; bed 0.1 

carbonaceous; calcareous 
from 121.0 -122.2': bedding 
dips from 40-50° in 
upper 117.2-119.0' then 

upper 117.2-119.0' then 
8hallows to 15-20° at 
bottom of core; flaser 
bedding characteristics: 
firm: damp. 

t o  0.2**thi~k; 

8hallOW8 t o  15-20° in 

122.2-127.2 -Sample. 
Recovered 1.6/5.0 *=32 8 .  
RQD=O.7/1.6'=442. 
SILTSMNE: same as above: 
damp to moist. 

127.2-132.2'-Sample. 
Recovered 5.0/5.0'=1002. 
RQD- 3.2 / 5.0 '=6 4 2. 
SILTSTONE: medium gray 
(N 4/0); trace 8and; 
clayey: vertical and 
horizontal calcite filled 
fractures at 128.5129.5'; 
carbonaceous fragments; 
bedding appears massive; 
firm to hard: damp. 

132.2-137.7'-Sample. 
Recovered 4.0/ 5.0 *=802. 
RQW0.0/4.0'-02. 
SILTSTONE: medium light 
gray (N 6/0); clayey: 
sandy: interbedded layers 
of silty sandstone: very 
fine-grained; tight; firm: 
damp. 

137.2-142.2'-Sample. 
Recovered 5.0/5.0'=100%. 
RQW3.2/5.0*=642. 
13 7.2-1 3 8.0' : 
SANDSTONE: very fine- 
grained; cemented v i t h  
calcite. 

SILTY 

Boring Method casing kiver/NC &re Ground Surface Elevation 6096.66' 

~ 

b& by: T. Gulliver & T. kFtrphy 

en tratlon 
Ies'Lt ance 
3bwdFoot) 

2 0  40 m 

tirl 



Material Description Depth 
(feet) Typ 

?emarks 

. concre 

at 139.0; firm; damp. 

142.2-147.2'-Sarple. 
Recovered 4.6/5.0*-932. 
RQD=l.6/4.6*=35%. 
SILTSTONE: medium dark 
gray (N 4/0): trace sand; 
clayey; CarbOMceou8 

147.2-152.2'-Sarple. 
Recovered 3 .9/5.0'=782. 
RQD=1.3/3.9'=33%. 
147.2- 15 1.3 : SILTSTONE: 
same as above; firm; damp. 
151.3-152.2': SANDSTONE: 
silty; laminations of 
siltstone; very fine- 
grained; convoluted 
bedding; 20°-30° dip; f i r s ;  

15 2.2 - 157.2 - Sample. 
Recovermd 4.3/5.0 '186%. 
RQItl.2/4.31=28%. 
152.2- 15 3.0 ' : SILTY 
SANDSTONE: as above. 

153.0- 157.2': SILTSTONE : 
medium gray (N 5/0): 
clayey ; trace sand ; 
carbonaceous; firm; damp. 

157.2-162.2'-Sample. 
recovered 3.4/5.0'= 682. 
RQD=O.6/3.4*=18%. 
SILTSTONE: same a6 above; 

LDgned by: T. Cillliver & T. k r c h y  . .  - -  
Project No. 

106m222 Hydro-Search, inc. Page 8 of I I  

- 
en tration 
I e s's t anc e 
Bbws/Foot) 

20 4 0  
7 l - I - r  

llrl 



Project: 

106222 

Rocky Flats Plant ILOG OF BORING NO. 48-86 

Hydro-Search, Inc. Page 9 of 11 I 

- 

Date Drilled 9/18/86,9/19/86, 10/23/86- I 1/13/&jCoordinates N 36025.2 E 15175.9 

Material Description Depth 
(feet) Typ 

Remarks  

162.2-167.2'-Sample. 
Recovered 4.0/5.0'=80%. 

SILTSTONE: same as above: 
alternating layers of 
clayey siltstone and sandy 
siltstone; beds average 
0.25' thick; appear to be 
close to horizontal: firm; 
darp. 

RQD-o.~/~.o'=~o%. 

167.2-173.0'-S~pl0. 
Recove red 1 . O/ 6.0 '= 17 % . 
RQD.O.O/l.O'=OI. 
SILTSTONE: medium dark 
gray (N 4/0): clayey: 
trace sand: abundant 
carbonaceous fragments: 
moderately f i r m  ; 
damp on fra8h 8urfacr. 

173.0-178.O'=Sample. 
Recovered 4 .3/5.08-a6%. 
RQD.3.4/4.3'=79%. 
SILTSTONE: game as above; 
d=P* 

178.0-183.0t-Samp1a. 
Recovered 4.0/5.0'-80%. 
RQD=1.2/4.0'=30%. 
SILTSTONE: same a8 above 
w i t h  coaly layer at 179.3' 
to 179.7'; highly 
fractured from 181.0-  
183.0'; firm: damp. 

Lo& by: T. Gulliver & T. MP$V 

en tration 
t e s?rr t anc e 
3bwdFoot)  

2 0  40  
l-l-n- 



Material Description 

?emarks 
I 

183.0-187.0*-Sarple. 
Recovered 2.7/4.0*=68%. 

SILTSTONE: same as above; 
clayey; highly fractured 
throughout; firm; darp. 

RQT)I0.5/2.7'=192. 

187.0-192.01-S~le. 
Recovered 3.9/5.0'-782. 
RQL)IO. 0/3. -02. 
SILTSTONE: same a8 above; 
lea8 clay-rich; trace very 
fine-grained mand; coarser 
silt; fractured: darp. 

192.0-197.0'-Sa~ple. 
Recovered 4.2/5. 0*=84%. 
RQW3 0/4.2 '=71%. 
SILTSTONE: similar to 
above: coarser grained; 
less clay: trace very 
fine-grained sand: grades 
to interbedded silty 
sandstone and sandy 
8il tstone at 19 4.5 ' : 
thin to thick bedded; 
highly convoluted 
contacts; abundant pene- 
contemporaneous deforma- 
tion chartacteristics; 
bedding appears flat; 
firm; darp to moist. 

197.0-202.0'-Sample. 
Recovered 5.0/5. O'=1001. 
RQE-1.1/5.0*=221. 
SANDSTONE: medium dark 
gray (N 4/0): fine to very 
f ine-grained ; s il ty , 
interbedded w i t h  siltstone 
and sandy siltstone: thin 
to thick bedded: 
convoluted; 501 sandstone; 
50% siltstone; firm to 
soft: wet. 

LOG OF BORING NO. 48-86 project: Rocky Flats Plant 

Date Drilled 9/18/86,9/19/86, 10/23/86- Ii/i3/86Coordlnates N 36025.2 E 15175.9 
Boring Method Casing DriverN Core Ground Surface Elevation 6096.68' 

Logged by: T. Gulliver & T. &r@y 

- 
en tration 
I e s% t anc e 
3bw s/Foot) 

20 4 0  
7-rI-r 



project: Rocky Flats Plant (LOG OF BORING NO. 48-86 
I 

Date Drilled 9/W86,9/19/86, 10/23/86- 1l/13/86Coordlnates N 36025.2 E 15175.9 

202.0-207.0~-Sample. 
Recovered 4.6/5.01=92t. 
RQD.2.8/4.6'=61%. 
SANDSTONE: medium light 
gray (N 6/0); very fine to 
medium-grained; poorly 
sorted; interbedded with 
siltstone and clayey 
uiltstone; flaser bedding 
common; beds range 
from .001'to 1' in 
thiCkn0.8; Wet. 

207.0-212.0'-Sample. 
Recovered 4.2/ 5.0 '184 t .  
RQD-0.9/4.2'=218. 

207.0-20s. 3 : SANDSTONE: 
uare a8 above. 

2 08.32 12.0' : SILTSTONE: 
dark gray ( N  3/01; 
interbedded with  medium 
gray (N 5/0); coaly; 
bedding iu convoluted; 
appear8 horizontal. 

TOTAL DEPTH: 212.0' 

Boring Method Casing Driverm Core Ground Surface Elevation 6096.68' 

O t h e r  
&#t Tests 

20 4 0  
7 1  I 1  I - - 

- - - - 
- 
4 - 
m 

I - - - 
- 
- 
- 
3 

d 

d 

- - 
d - - - 
3 - 
- 
- 
- 

Project No. 
106m222 Hydro-Search, Inc. Page 11 of 11 
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WELL CONSTF 
LOCATION Of COORDS: 

N 36025.7 F. 15175.9 

~~~ 

DRILLING SUMMARY: 

0.00' - 78.30' : IbwnholehamEr: 78.30 
- 2 12.00' : Coring b i t ;  2 12.00' - 238.00: Qlop 

_1 

0.00' - 78.30' : None 
r mist to d r i l l ,  

SURFACE CASING 5 " x 78.4' StePl Wf 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 

CASING $TRlNG&k C: CASING SXSCREEN 

GEOPHYSICIIL LOG - 
0.00' 78.40' C1 - 
0.00'- 191.99' Q - 

191.99'- 207.07'k - 
- -- 

,-, .- -, -- 

- - - - - I -  -- 
CASING: C l g  

less steel. threded axlLlsL 
1ornted. 

less steel. th- and fl& 
iointd. O.OW wire W ~ D  

screen. 0.25' welded bot tm CaD. 

316 s- c2 2'' I.D. scfi. 5 ~ Y W  

. .  
SCREEN: SI 2" 1.D- !%'ha 5 316 e 

CENTRAllZERS 304 stainless steel 
199.27' - 200.47' 

. .  
flLTER HATERICIL ?'4' 
188.50 ' - 2 0 9 0 0 '  

CEMENT 
0.00' - 186.00' 

OTHER 3/8" bentonite oellets 
186.00' - 188.50' 
209.00' - 238.00' 

I 

I I  

i t  JCTION 
WELL 48-86 

SUMMARY 
ELEVATION: GROUND L M L  6096* 68 ' 

TOPOF CASING 6099. 05 ' 

CONSTRUCTION nME LOG: 
I =ART I FINISH 

TASK - 
DRILLING: 

9/18 1024 9/19 I110 

Re& 11/13 1500 11/13 1630 - -  - 
GEORIYS maw; - - - - 
CaSIffi: 

5'' steel 9/18 1024 9/19 Ill0 
2'' s 11/14 0638 11/14 o900 

11/13 1631 11/14 1342 MTER PL-. 
11/17 0657 11/18 1142 CE HEHfl No: 

CEVELcwENT: ---- 
OrnER: 

kntonite 11 /14  1630 11/14 1645 
11/13 1630 11/13 1631 

Parker t 10/29 0730 l1/3 1135 

* 

---- 

---- 
7 

see well DeVeloDment sumrary sheet. 

CONSULTING HYDROLOGISTS-GEOLOGIS'I 



TOTAL DEPTH we11 : 207.07' b l e :  238.00' 
8OREHOLE DIAMETER o-@' - 78*30' : 
78.00' - 212.00' : 4 3/4" 212.00' - 238.00': 4 

DRILLER Bovles Brothers drill in^ Co. 

5/8" 
. 

15865 W. 5th A-3 Cblden, co 

I 0.00'- 78.30': -holeharmer; 78.30' I - 212.00' : Coring bit; 212.00' - 238.00: Cbp- 
I 

hater mist to d r i l l ,  

SURFACE CASING 5 I' x 78.4' steel w/ LoclYpE 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 

UISING STRINMS): C:CASlNG SXSCREEN 

GEOPHYSICAL LOG _. 

0.00' 78.40' - 
0.00'- 191.99' - 

I91 .99'- 207.07' SI - 
-- -- 

- - - -- - -- - - - -- 7 -- - - - -- - -- - - - -- - -- - - - -- - -- 
CASING: CI 5'' 1.D. steel darp 

c2 2" I.D. %. 5 316 gain- 
-&!dauhL . .  tomtpd. 

less steel. threaded d flUsL 
jointed. 0.010'' wire W ~ O  

screen, 0.25' wdded bottm cao. 

%REP(: SI 316 stain- 17 

CENTRALIZERS 304 stainless steel 
199.27' - 200.47' 2 0  

. .  
flLTER HATERIIL 3-4' 
188.50 ' - 2 0 900 '  

CEMENT I 
22  0.00' - 186.00' 

OTHER 3/8" bentonite Dellets 
186.00' - 188.50' 
209.00' - 238.00' 

CTlON 
WELL 

SUM 

48-86 

MARY 
ELEVATION: GROUND L M L  

TOP OF CASING 

6096 68 ' 
6Q99 05 ' 

2 5 0  HY DRO-SEARCH REWO.OENVER 

CONSTRUCTION nME LOG: 
I -  

TASK 
WIME 

- 
DRILL1 NO: 1986 
5 5/8" casing 9/18 lo24 

10/23 1310 
Reaninn 11/13 1500 

GEOM Looaffi; - - 
2'' stai Ql!a%11/14JxLl!L 

- -  
CASING: 

5" steel 9/18 1024 

-- 
N T E R  PLACEMQJT. 11/13 1631 
CEMEHTINO: 

cEvucwENT: -- 
OTHER: 

11/17 0857 

Bentonite 11/14 I630 
11/13 1600 

&&~t test &; 10/29 0730 
-- -- 

WELL DEVELOPMENT 

FINISH - 
DATEW 
1986. 

9/19 -- I110 
10/28 1503 
11/13 1630 - -- 
9/19 Ill0 
11/14 o900 

11/14 1342 
11/18 1142 
-- 

-- 11/14 1645 
11/13 1631 
11/3 1135 
-- 
-I- 

see e l l  aweloFnrent surmar, Sheet. 

COMYENTS: 

tered durina drillinn. Nowaterencram 

TOD of s -1 c a s k :  2.69' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  101.23 - 110.88 
MATERIAL TESTED: ARAPAHOE FORMATION 

e 
DEPTH TO WATER (FEET BELOW G.S.): 54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00004344 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7 .50  + 4.00 * 2.31 = 7 1 . 6 5  

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000412 FT/MIN 
K = .00000002 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11 /3 /86  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  113 .80  - 1 2 3 . 5 3  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  5 4 . 9 1  

Q L 
W(--) 

2 ( P I )  (L) ( H I  R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00033305 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 . 7 3  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 4 . 0 0  * 2 . 3 1  = 7 1 . 6 5  

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = . 0000003141  FT/MIN 
K = .00000016 CM/SEC 

P2/3 TEST 
' Q = INJECTION RATE = .00017377 (FEET3/MIN) 

L = LENGTH OF TEST INTERVAL = 9 . 7 3  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSLTRE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 1 4 . 0 0  * 2 . 3 1 ~  9 4 . 7 5  

R = BOREHOLE RADIUS = . 16  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000001239 FT/MIN 
K = .00000006 CM/SEC 

2ND P1/3 TEST 
Q = INJECTION RATE = .00001448 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 . 7 3  FEET 
TEST INTERVAL IS  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 4 .00  * 2 . 3 1  = 71.65 

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = , 0000000137  FT/MIN 
K = . 00000001  CM/SEC 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G.S.): 124.69 - 134.34 
MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G.S.): 54.91 

Q L 
LN(--) 

2(PI) (L) (HI R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00047786 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7.50 + 4.00 * 2.31 = 71.65 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = ,0000004535 FT/MIN 
K = .00000023 CM/SEC 

P2/3 TEST 
Q = INJECTION RATE = .00212195 (FEET3/MIN) 
L LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7.50 + 18.50 * 2.31 = 105.14 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000013724 FT/MIN 
K = .00000070 CM/SEC 

2ND P1/3 TEST 
Q = INJECTION RATE = .00020273 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7 .50  + 4.00 * 2.31 = 71.65 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000001924 FT/MIN 
K = .00000010 CM/SEC 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G.S. ) :  128 .05  - 137 .70  
MATERIAL TESTED: ARAPAHOE FORMATION 

e 
DEPTH TO WATER (FEET BELOW G . S . ) :  5 4 . 9 1  

Q L 
W(--) 

2 ( P I )  (L)  (HI R 
x = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00078738 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 .65  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 54 .91  + 7.50 + 4.00 * 2.31 = 71 .65  

R = BOREHOLE RADIUS = .16 FEET 

R = HYDRAULIC CONDUCTIVITY = .0000007473 FT/MIN 
K = .00000038 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACfCER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222  
DATE TESTED: 1 1 / 3 / 8 6  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  130.05 - 1 3 9 . 7 0  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  5 4 . 9 1  

Q L 
M(--) 

2 ( P I )  (L) (HI R 
K = ------------ 

1 S T  P1/3  TEST 
Q = INJECTION RATE = . 0 0 1 1 3 5 0 8  (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 4.00 * 2 . 3 1  = 71.65 

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = . 0 0 0 0 0 1 0 7 7 3  FT/MIN 
K = . 0 0 0 0 0 0 5 5  CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222 0 DATE TESTED: 11/3/86 BY: T.M. MURPHY 
TEST INTERVAL (FEET BELOW' G.S.): 141.03 - 150.39 

MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G.S.) : 54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00018101 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.36 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7.50 + 3.80 * 2.31 = 71.19 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000001769 FT/MIN 
K = .00000009 CM/SEC 

P2/3 TEST 
Q = INJECTION RATE = .00224697 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.36 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7.50 + 26.00 * 2.31 = 122.47 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000012768 FT/MIN 
K = .00000065 CM/SEC 

2ND P1/3 TEST 
Q = INJECTION RATE = .00005792 (FEET3/MIN) 
L = LENGTH O F  TEST INTERVAL = 9.36 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER i- GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7.50 + 4.00 * 2.31 = 71.65 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000563 FT/MIN 
K = .00000003 CM/SEC 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  141 .03  - 1 5 0 . 3 9  

6 
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G.S . ) :  5 4 . 9 1  

Q L 
rn(--) 

2 ( P I )  (L) (HI R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00068058 (FEET3/MIN) 
L = LENGTH O F  TEST INTERVAL = 9 . 3 6  FEET 
TEST INTERVAL IS  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7.50 + 4 . 0 0  * 2 . 3 1  = 7 1 . 6 5  

R = BOREHOLE R A D I U S  = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = . 0000006610  FT/MIN 
K = .00000034 CM/SEC 

P2/3  TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 0 ROCKY FLATS PLANT: WEST SPRAY FIELD JOB NO. 106P06222 

DATE TESTED: 11/3/86 BY: T.M. MURPHY 
TEST INTERVAL (FEET BELOW G.S.): 144.00 - 153.65 

MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G. S. ) : 54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00052130 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7.50 + 4.00 * 2.31 = 71.65 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000004948 FT/MIN 
K = .00000025 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G.S.): 145.94 - 155.59 
MATERIAL TESTED: ARAPAHOE FORMATION 

0 
DEPTH TO WATER (FEET BELOW G.S.): 54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00039097 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 . 6 5  FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 

R = BOREHOLE RADIUS = .16 FEET 
= 54.91 + 7.50 + 4.00 * 2.31= 71.65 

K = HYDRAULIC CONDUCTIVITY = .0000003711 FT/MIN 
K = .00000019 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11 /3 /86  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  160 .00  - 1 6 9 . 6 5  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  5 4 . 9 1  

Q L 
LN(--) 

2 ( P I )  (L)  ( H I  R 
K = ------------ 

1ST P1/3  TEST 
Q = INJECTION RATE = .00089779 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 .65  FEET 
TEST INTERVAL IS  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 4 . 5 0  * 2 .31  = 7 2 . 8 1  

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000008386 FT/MIN 
K = .00000043 CM/SEC 

P2/3  TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222  
DATE TESTED: 1 1 / 3 / 8 6  BY: T.M. MTJRPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  161.88 - 171.53 
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  5 4 . 9 1  

1 S T  P1/3 TEST 
Q = INJECTION RATE = . 00027513  (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 . 6 5  FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7.50 + 4 . 0 0  * 2.31 = 71.65 

R = BOREHOLE RADIUS = .16 FEET 

X = HYDRAULIC CONDUCTIVITY = .0000002611 FT/MIN 
K = .00000013 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  1 6 5 . 2 0  - 174 .80  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  54.91 

Q L 
LN(--) 

2 ( P I )  (L)  (HI R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = . 00020273  (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.60 FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 4.00 * 2.31 = 7 1 . 6 5  

R = BOREHOLE RADIUS = e 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000001932 FT/MIN 
K = .00000010 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACXER TEST ANALYSIS 
WELL NO. 48-86 0 ROCKY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222 

DATE TESTED: 11/3/86 BY: T.M. MURPHY 
TEST INTERVAL (FEET BELOW G.S . ) :  1 6 7 . 1 0  - 1 7 6 . 7 4  

MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G.S . ) :  5 4 . 9 1  

Q L 
N(--) 

2 ( P I )  (L) (HI R 
K = ------------ 

IST P1/3 TEST 
Q = INJECTION RATE = .00063714 (FEET3/MIN) 

TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

L = LENGTH O F  TEST INTERVAL = 9 . 6 4  F'EET 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7.50 + 4 . 0 0  * 2 . 3 1  = 71.65 

R = BOREHOLE RADIUS = .16 F'EET 

K = HYDRAULIC CONDUCTIVITY = .0000006052 FT/MIN 
K = .00000031 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 0 ROCKY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222 

DATE TESTED: 11/3/86 BY: T.M. MURPHY 
TEST INTERVAL (FEET BELOW G.S . ) :  175.85 - 185.50 

MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G . S . ) :  54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = ,00047786 (FEET3/MIN) 
L = LENGTH O F  TEST INTERVAL = 9.65 FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 54.91 + 7.50 + 5.00 * 2.31 = 73.96 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000004394 FT/MSN 
K = .00000022 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCXY FLATS PLANT: WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G.S.): 177.75 - 187.40 
MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G . S . ) :  54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00001401 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9.65 FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 54.91 + 7 . 5 0  + 3.50 * 2.31 = 70.50 

R = BOREHOLE RADIUS = .16  FEET 

R = HYDRAULIC CONDUCTIVITY = .0000000135 FT/MIN 
X = .00000001 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACXER TEST ANALYSIS 
WELL NO. 48-86 

ROCXY FLATS PLANT; WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11 /3 /86  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G.S . ) :  1 8 1 . 2 1  - 1 9 0 . 8 6  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G.S.) : 5 4 . 9 1  

Q L 
W ( - - )  

2 ( P I )  (L )  ( H I  R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00031857 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 .65  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 3 . 8 0  * 2 . 3 1  = 7 1 . 1 9  

R = BOREHOLE RADIUS = . 16  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000003043 FT/MIN 
K = .00000015 CM/SEC 

P2/3  TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11 /3 /86  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  1 8 3 . 1 1  - 1 9 2 . 7 6  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  5 4 . 9 1  

Q L 
LN(--) 

2 ( P I )  (L) ( H I  R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00008688 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 . 6 5  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 5.00 * 2 . 3 1  = 7 3 . 9 6  

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000799 FT/MIN 
K = .00000004 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 106P06222 
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G.S.): 192.00 - 201.65 
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G.S.): 54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00001448 (FEET3/MIN) 
L = LENGTH OF TEST INTERVAL = 9 . 6 5  FEET 
TEST INTERVAL IS BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PFESSURE (IN FEET) 
= 54.91 + 7 . 5 0  + 3.80  * 2.31 = 71.19 

R = BOREHOLE RADIUS = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000138 FT/MIN 
R = .00000001 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 1 1 / 3 / 8 6  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  1 9 4 . 0 0  - 203 .60  
MATERIAL TESTED: ARAPAHOE FORMATION 
DEPTH TO WATER (FEET BELOW G.S.) : 5 4 . 9 1  

1ST P1/3 TEST 
Q = INJECTION RATE = .00062266 (FEET3/MIN) 
L = LENGTH O F  TEST INTERVAL = 9 . 6 0  FEET 
TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

+ GAGE PRESSURE (IN FEET) 
= 5 4 . 9 1  + 7 . 5 0  + 4.00 * 2 . 3 1  = 7 1 . 6 5  

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000005933 FT/MIN 
K = .00000030 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT; WEST SPRAY FIELD JOB NO. 1 0 6 P 0 6 2 2 2  
DATE TESTED: 11/3/86 BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  196.15 - 206.80 
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . ) :  54.91 

1ST P1/3 TEST 
Q = INJECTION RATE = .00024617 (FEET3/MIN) 

TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

L = LENGTH O F  TEST INTERVAL = 10.65 FEET 

+ GAGE PRESSURE ( I N  FEET) 
= 54.91 + 7.50'+ 5.00 * 2 . 3 1  = 73.96 

R = BOREHOLE R A D I U S  = .16 FEET 

K = HYDRAULIC CONDUCTIVITY = .0000002100 FT/MIN 
K = .00000011 CM/SEC 

P2/3 TEST 
TEST FAILED 



PACKER TEST ANALYSIS 
WELL NO. 48-86 

ROCKY FLATS PLANT: WEST SPRAY FIELD J O B  NO. 106P06222 
DATE TESTED: 11 /3 /86  BY: T.M. MURPHY 

TEST INTERVAL (FEET BELOW G . S . ) :  198 .76  - 2 0 8 . 4 1  
MATERIAL TESTED: ARAPAHOE FORMATION 

DEPTH TO WATER (FEET BELOW G . S . )  : 5 4 . 9 1  

Q L 
W(--) 

2 ( P I )  (L) (HI R 
K = ------------ 

1ST P1/3 TEST 
Q = INJECTION RATE = .00005792 (FEET3/MIN) 

TEST INTERVAL I S  BELOW WATER TABLE 
HEAD = DEPTH TO WATER + GAGE HEIGHT 

L = LENGTH OF TEST INTERVAL = 9 . 6 5  FEET 

+ GAGE PRESSURE ( I N  FEET) 
= 5 4 . 9 1  + 7.50 + 6 .00  * 2 . 3 1  = 76.27  

R = BOREHOLE RADIUS = . 1 6  FEET 

K = HYDRAULIC CONDUCTIVITY = .0000000516 FT/MIN 
K = .00000003 CM/SEC 

P2/3  TEST 
TEST FAILED 



m U U I- m 4 9 hl d 
d U 0 0 c.l 0 m e d 

LA 
In In In Ln 
4 4 d d LA 

LA In LA 
d d .-.I 

In 
4 - 

I 
u 1  

I a3 a3 In 

I9 In m LA Fl m In U U 
Y 

I a3 



N 
hl 
N 
9 
0 
0 
9 
0 
d 

I I 

P 
3 
W r 

a 
aJ 
d 
d 
m 
w 
u 
m 

a 
aJ 
d 
d 
(d 
w 

u 
m 

a a 
aJ a, 
d d 
d 4 
m id 
w w 

u u 
rn m 

a 
aJ 
d 
d 
m 
lu 

U 
m 

a a 
aJ aJ 
rl r( 
d l - l  
m id 

rC1 w 
u U 

3 
& a  h h  pl& 

-r 

I U U I m  U I 

d 0 0 I 0 I 2 &  A 2  I 

I u1 
m aY 

I m i 



). 
Ir 
Ir 
3 
U 

J 

a 
al 
4 
4 
m 
w 

U 
m o o  01 

aJ I 

. . .  x 
r n d d  u I 

m h l 4  m 
N A O  0 . . .  1 
I n L A N  LA 
d d d  4 

- - 
In In I 

m 
Ln I 00 

00 

m 0 
hl d I 

I 03 
03 



081 15/88 

ROCKY FLATS WEST SPRAY FIELD 

WATER LEVEL SUMMARY 

WELL SAMPLE 
NUMBER DATE - -  
4886 I 1 / 19/86 

11/20/86 
12/ 11 186 
12/15/86 
01 101187 
02/01/87 
03/31/87 
05/06/87 
06/01/87 
07/08/87 
08/03/87 
08/24/87 
08/31 187 
09/28/87 
11 102 187 
12 107 187 
01/05/88 
02/04/88 
03 I 14/88 
04/11/88 
05/12/88 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER NATER 
SURFACE CASING STICK OF S I  OF S I  DEPTH DEPTH SURFACE 
ELEVATION ELEVATION - -  UP BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6096.68 6099.05 2.37 207.07 5904.69 5889.61 207.1 15.85 6083.20 
154.67 5944.38 
68.21 6030.84 

134.04 5965.01 
63.96 6035.09 

6039.76 59.29 
57.83 604 1.22 
64.02 6035.03 
59.00 6040.05 
69.65 6029.40 
60.20 6038.85 
58.70 6040.35 
97.80 6001.25 
61.70 6037.35 
58.90 6040.15 
59.40 6039.65 
59.20 6039.85 
58.10 6040.95 
57 .80 6041.25 
58.90 6040.15 
57.60 6041.45 



INDEX OF DATA 

Boring No.: 49-86 

Completed as well? Yes 

Data in F i lc  

X Log of Borehole 

X Well Construction Summaries 

Well Develop m e n t S u m ma r i es 

x Hydraulic Conductivity Test Data 
and Results 

Packer Test Data and Results 

x Water Level Data 

Saturated Thickness Hydrograph 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION R E P O R T  
ROCKY FLATS PLANT, GOLDEN, COLORADO APPENDIX B 



Project: 

Project No. 
106m222 Hydro-Search, Inc. 

~~~ 

Rocky Flats Plant 

Page 1 of 4 

ILOG OF BORING NO. 49-86 

Date Drilled IO/ 16/86 
Boring Method Casing Driver - 

Elev 
,feel - 

Coordlnates N 36000.5 E 15176.7 
Ground Surface Elevation- 6096.332' 

ROCKY PLATS ALzuvIUn 

0-7 * -Cuttingo. GRAVEL: 
moderate brown (5yR 4/41 : 
silty: abundant quartzite: 
micaceous: 2% gravel 
limonite coated: dry. 

7.0-13.0*-Cuttings. 
GRAVEL: Same as above 
with no limonite coatings; 
dry- 

13.0-16.0'-Cutting~. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  silty; sandy: 
poorly sorted: subangular; 
20-30% fines: damp. 

16.0-26.0 * -Cuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  silty: sandy; 
10% silt: 30% aand; poorl! 
sorted; subangular; moist 

Remarks Logged by: T. Gulliver 

enetratian 
teststance 
3kws/Foot) 

20 4 0  n-R- 

tlrl 



Rocky Flats Plant LOG OF BORING NO. 49-86 
Project: 

Date Drilled 10/16/86 Coordinates N 36000.5 E 15176.7 
Boring Method Casing Driver Ground Surface Elevation 6096.92' 

Material Description 

26.0-32.0'-Cutting.. 
GRAVEL: moderate brown 
(5YR 4 1 4 ) :  silty; abundant 
boulders: 52 silt: moist. 

32.0-3a.oi-~ttings. 
GRAVEL: Same as above: 
silt 52; sand 102; moist. 

38.0-40.01-mttings. 
GRAVEL: Same as above: 
fines <12: d r y .  

Project No. 
106po6222 H y dr o-Searc h, Inc. Page 2 of 4 

Remarks Logged by: T. Gulliver 

)en tration 
e s'ls t anc e 

Bbws/Foot) 
20 40 



RDcky Flats P l a n t  ILOG OF BORING NO. 49-86 Project: 

Date Drilled IO/ 16/86 
Boring Method Casing Driver - 

ilev. 
feet - Material Description 

40.0-49.0'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4): silty: sandy: 
poorly sorted: subangular: 
silt 20%: sand 20-302: 
moist. 

4g.0-50.0fi-euttings. 
SAND: light brown (5YR 
5/6) : fine-grained: well 
sorted: subrounded: damp. 

50.0-56.Ofi-Cuttings. 
GRAVEL: moderate brown 
(5YR 414): sandy: Silty; 
gravel 10-202: sand 20- 
302: poorly sorted: 
subangular: moist. 

56.0-57.01-CuttingS. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  coarse, sandy 
gravel: moderately well 
sorted: rounded: wet. 

57.0-64.01-Cuttings. 
GRAVEL: moderate brown 
(5YR 4/4): silty: sandy: 
silt 10%; coarse to 
medium-grained sand 20- 
302: subrounded: wet. 

Remarks Led by: T. Gulliver 

'en tratian 
t e s'ts t a nc e 
Bbws/Fwt) 

20 40 m 

Checked by: 
1 

Project No. 
106FQ6222 I Hydro-Search, Inc. Page 3 of 4 I 



Project: Rocky Flats Plant  ILOG OF BORING NO. 49-86 

Date Drilled 10/16/86 
Boring Method Casing Driver - 

Elev. 
feet - 

Coordinates N 36000.5 E 15176.7 
Ground Surface Elevation 6096.92' 

Material Description 

64.0-66.0'-Cutting8. 
GRAVEL: moderate brown 
(5YR 4/4)  : sandy: silty: 
fine to medium-grained 
sand 202; silt 302; wet. 

66.0-67.01-Cuttings. 
GRAVeL: moderate brown 
(5YR 4 / 4 ) :  silty; sandy: 
202 gravel: 302 medium- 
grained sand: poorly 
sorted; very wet. 

67.0-67.5'-CuttingS. 
CLAY: moderate brown (5yE 
4 / 4 1 :  sandy: silty: 
plastic; soft: wet. 

67.5-68.08-Cuttings. 
SAND: moderate brown ( ~ Y I  
4 / 4 ) ;  gravelly: silty 5%: 
wet. 

m I E  FORMATION 

68.0-69.0'-CuttingS. 
CLAYSTONE: light olive 
gray (5Y 5/2); subplastic 
damp. 

69.0-70.08-Cuttings. 
SILTSTONE: light olive 
gray (5Y 5/2) : subplastic 
damp. 

70.0-74.0*-~uttings. 
CLAYSTONE: medium gray ( 
5); laminated; damp. 

TOTAL DEPTH: 7 4 . 0 '  

Remarks Logged by: T. Gulliver 

en tration 
t e si% t a n c e 
3bws/Foot) 

2 0  40 n7-r 

Other 
Tests 
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WELL CONSTRUCTION SUMMARY 
LOCATION or COOROS: ELEVATION: GROUND LNEL 6096.92' 
N 36000.5 E 1cj176-7 TOP OF CASING 6098 - 90 ' 

DRILLING SUMMARY: 

TOTAL DEPTH well : 6 7 . 6 0 ' m :  74.00' 
BOREHOLE DIAMETER 5 518'' 

DRILLER Bovles Brothers Drilline Co. 
15865 W. 5th Avenue. Golden. CO 
(Arrow Drilling. Tan Hi&) 

RIG Casing advancer 
BIT(S1 bwt-l hole -r 

DRILLING FLUID 

SURFACE  CASING^'' x 4.40' steel w/ lodciq 
CaD 

WELL DESIGN: 

BASIS: GEOLOGIC LOG 

US ING STRING(S): C=CASlNG SrSCREEN 

4.10'- 67.60' SI 

GEOPHYSICAL LOG _. 

0.00' 4.10' A - -- 
- 

CASING: C I  2" I.D. Sch. 5 tyre 316 stain- 
less steel, threaded and flush 
iointed. 

FILTER MATERIAL 32-42 silica s a d  
3.57' - 69.00' 

CEMENT Portland T m  I 

OTHER 3/8" bentonite Deliets 

0.00' - 2.40' 

2.40' - 3.57' 
69.00' - 74.00' 

CONSIRUCTION TiME LOG: 
I START I F IN I SH  

I-I-I- --- 
GEOPHYS. LOGGING: A - - - 
CASING: 

2'' stainless 10/17 1230 10/17 

- 

- 10/17 - 1250 - 10/20 
1G/17 loo0 10/17 --- 
- - - 

10/17 1225 10/17 --- 

C E  M ENTI NO: 

OTHER: 
Ekntonite 

1515 

1246 

I246 
0925 

WELL DEVELOPMENT 

See Well k e l o p n t  .%mmry Sheet. 

COMMENTS: 

&tPr m e w e r e d  at 52' during d r i l i i n r .  

HYDRO-SEARCH RENC*XWEA 

~ 

CONSULTING HY DROLOGI STS - GEOLOG I STS 



! 

PROJECT NO.: o-311B-87 CiiENT: Rockneil I:twnat:anai 

FIELD IHVESTiGATOR: K. KcAei ii 

COHFUTED ESULTS:  



DIFFERENCE 
IH RHS 

.GO 

!21.30 

43.85 

3 . 9 !  

i.38 

;.27 
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HELL NO.: 99-56 



. 





08/15/88 

WELL SAMPLE 
NUMBER DATE - -  
4986 11/19/86 

1 112 1 I 8 6  
11/24/86 
0 1 /01/87 
02/01/87 
03/31/87 
05/06/87 
06/01/87 
07/08/87 
08/03/87 
08/24/87 
08/31/87 

11/02/87 
12/07 187 
01/05/88 
02/03/88 
03/14/88 
0411 1/88 
05 / 12 188 

09/28/87 

ROCKY FLATS WEST SPRAY FIELD 

WATER LEVEL SUMMARY 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER WATER 
SURFACE CASING STICK OF SI OF SI O€PTH OEPTH SURF ACE 
ELEVATION ELEVATION UP BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6096.92 6098.90 1.98 67.60 6092.82 6029.32 67.60 46.87 6052.03 
48.35 
49.00 
49.46 
49.50 
49.02 
47.15 
45.27 
41.40 
54.00 
44.00 
44.60 
44.90 
44.60 
45.60 
46.00 
46.80 
47.20 
47.00 
46.70 

6050.55 
6049.90 
6049.44 
6049.40 
6049.88 
6051.75 
6053.63 
6057.50 
6044.90 
6054.90 
6054.30 
6054.00 
6054.30 
6053.30 
6052.90 
6052.10 
6051.70 
605 1.90 
6052.20 



INDEX OF DATA 

Boring No.: 50 - 86 

Completed as well? Yes 

Data in Filq 

X Log of  Borehole 

X Well Construction S urn ma r ies 

X Well Development Summaries 

X Hydraulic Conductivity Test Data 
and Results 

Packer Test Data and Results - 
X Water Level Data 

Saturated Thickness Hydrograph 

WEST SPRAY FlELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GULDEN. COLORADO APPENDIX B 



PI 0 joct: Rocky Flats P l a n t  ILOG OF BORING NO. 
0.10 0rUI.d ~ 10/7/86 Coordinat.8 N 34822.0 E 14184.0 
Borlng Method Driver around Surface E k v a t h  6121.98 I 

Romarkr Logged by: T. Gulliver 

B&wd IncN 
20 40 

7-rT-r 

rl!l 
Checked by : 

I 

Pro Joct No. 
106po6222 Hydro-Search, Inc. Page I of 6 



Pro joct: Rocky Flats Plant (LOG OF BORING NO. 9-86 

0.10 DrUkd 1017186 Coordlnatm N 34822.0 E 14184.0 
around Surtaco Elov.tlor, 6121.98 

25.0-25.5'-Cuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) ;  granitic 
pebbles: sandy: silty; 
poorly sorted ; 
unconsolidated; damp. 

25.5-75.0'-(Iuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) :  granitic 
pebbles and cobbles with 
some light gray (N 7) 
quartzite cobbles: 1-51 
sand and silt; poorly 
sorted: unconsolidated: 
damp. 

Logged by: T. Gulliver Checked by: 
1 

ProJocrt No. 
106po6222 I Hydro-Search, Inc. I Page 2 o f  6 



Pro )oat: Rocky Flats Plant ILOG OF BORING NO. 50-86 

0.10 DrUIod 10/7/86 Coordln.t.* N 34822.0 E 14184.0 
Boring Mothod Driver Qround 8urf aco Elovation 6121.98 I 

Matorial Do~ctlotion 

IMP06222 



Rocky Flats Plant ILOG OF BORING NO. s86 Pro Joet: 

Omto Drilled 10/7/86 Coord'n8to* N 34822.0 E 14184.0 
Boring Method Casing Driver around 8wf8co Elovrtlon 6121.98 I 

75.0-92.0'-Cutting8. 
GRAVEL: moderate brown 
( ~ Y R  4 / 4 ) ;  g r a n i t i c  
pebbles and cobbles; '201 
medium t o  coarse-grained 
sand and s i l t y  sand; 
poorly sorted ; subangular: 
unconsolidated ; d a w .  

Logged by: T. Ollliver - 1 

Projoct No. 
106po6222 Hydro-Search, Inc. Page 4 of 6 I 



e 

Pro joct: Rocky Flats Plant LOG OF BORING NO. 54x36 

Date Drillod 10/7/86 Coordinate8 N 34822.0 E 14184.0 
Borlng Method Cash around Surface Elovatlon 6121.98' Driver 

-. 

UWMIE FORXATION 

98.0-102.0'-Cuttings. 

92.0-98.0~-cuttings. 
GRAVEL: Same as above: 
wet. 

Blows/ IncN 
20 40 rn 

1111 
Romarka Logged by: T. Gulliver Checked by : 

m 

Project No. 
106po6222 Hydro-Search, Inc. Page 5 of 6 



TOTAL DE-: 102.0 '  

around Surf8cm Elov8ti 

Paee 6 of 6 

~ & d  IncN 
20 40 

!IrL 



WELL 50-86 

WELL CONSTRUCTION SUMMARY 
LOCATION or CWRDS: ELEVATION: GROUND LEVEL '1 98 ' 

- 1  N 34822.0 E 14184.0 TOP OF CASING 61 33 - L5 

CONSTRUCTION TIME LOG: DRILLING SUMMARY: 

TOTAL DEPTH W e l l :  96.15' Hole: 102.00' 
BOREHOLE D I A M E T E R  0.00' - 37.00' : 5 518'' 
37.00' - 102.00': 5" 

DRILLER les Brothers Drillh GI. 
15865 W. 5th Avenue. Golden. CO 
(Arrcw Drilling, Tan High) 

RIG Casinp: advancer 

B~T(S)  Down hole h-r 

START FINISH - 
TASK - 

U+tE 1986 RAIE 
I986 

10/7 
DRILLING: 

10/710820 

- I -  GEOPHYS. LOGGING: 

CASING: 
2" stainless 10114 1052 IO/ I4 

10114 
101 14 
1013 1 

101 14 

- 

DRILLING FLUID 

101 14 
101 14 
10123 

I1200 
1450 
1355 

SURFACE CASING 5" x 4.13' steel w/ lockir 
CaD 

WELL DESIGN: 

BASIS: GEOLOGIC LOG GEOPHYSICAL LOG __ 
CPSING STRING(S): C:CASING S-SCREEN 

0.00' 2.90' - 
2.90'- 96.15' S I  1 - 
-- 

1440 
1500 

FILTER PtACEMPn 

CEMENTING: 
CEVELCPMENT: 

OTHER: 
Bentonite 101 14 - 1440 144 I 

i 

-, 

WELL DEVELOPMENT 

See Well Dareloprent Sclmnary Sheet. 

CASING: C I  2" I.D. Sch. 5 tm 316 stain- 
less steel, threaded and flush 
iointed. 

SCREEN: SI  2" I.D. Sch. 5 tm 316 stain- 
less steel, threaded a d  flush 
iointed, 0.010'' wire wrap screen 
0.25' welded btrm cap. 

CENTRALIZERS Twe 3 a  stainless steel 
85.71' - 86.95' 
92.93' - 94. IO' 

flLTER MATERIAL 16-40 si l ica  S a n d  

2.40' - 96.15' 

CEMENT Portland T m  I 

COMMENTS: 

Water encountered at  49' during drilling. 

I- u w 
0 

a. 

-3 

a 

Cave fran TD to 95.15' 

OTHER 3/8" bentonite wllets 
1.60' - 2.40' 

HYDRO-S EARCH RENO~OENVER CONSULTING HYDROLOGISTS-GEOLOGISTS 



50-86 Well No.: 

WELL DEVELOPMENT SUMMARY SWEET 

COMMENTS 

I 



1 

!WIS PROGliAR CALCULATES YEAN iRirW5flISSIVITIES c 3 1 H  SLUG-TEST DAiii ,"A$Eir OR TY0 kHkiYTI iAL  AFPROAiHE2: 
(1) HERO0 OF COOPER, E4EDEiiOEFT GtiO PAPADDPULDS, i467 'RiiTICiE IN V0?.3,NO, 1 OE 3RR CGiTED 

'RESPOHSE 0; A FiNiTE D!A)IETEE Wiii 7 AM IHSTANTAHEOUS CHARGE OF iATER': 
i?! !!E?% OF SiiUiiER AKD RICE, !475 (ARTiCiE I N  X L .  12, XQ.5 cii WRA iNT i i L3  

'R SLUG TEST ?OR DETERifININS HYDRAULIC ZONDUiTiYiiY OF LINCONFINED AQUIFERS 
ilITH COIIPLETEL!' 02 PW iA i i i '  ?E#ETRATiHG i i i i iS ' i  

FROJECT NO.: $-i)llB-87 CLiEl4T: ilockweii 1aternatio:ai 

FIELD IHVESTIGATOR: 1. HcNeii! 

#ELL !ID.: Sir-86 



W t i A  

ROTE: TRANSHISSIVITY !NITS M E  i N  i in2isec 

STORATIVITY IEAN YEAN 3INIHUil 
T M N I I  S- PERHEA- TRRNS. 

SIVITV BILITY 

iriFFERENCE 
IN RHS 

* 00 

9.51 

4.25 

-- 
. I .  

1.1: 

WELL NO.: 50-Bb 

: H U T  M T R  AGE: 



%HER CASIN6 OIdHETER = 2.00 INCIiES LENGTH OF SCilEER OR INTPlKE PORTION = 47,jE i i E T  
iNN€R SCPlM OR 9P€N+OLE SiAttETER = 
i i iARET3 OF DRILW iULE = 5.00 iHCHES 'HICKNESS OF SATURATED W I F E ?  2 0 X  = 49.4; i E E T  
ESTIHATE3 POROSiTY OF 6"nVEi PACK = > 3  CbiLI!lG-HERJ INDEX = G ;*1'  !i idLLIN5,"V !F RISING) 

2.X iNCHES 'rEPTH F?GH STATii LEVEL Yi ijOTTOR OF SCREEN = 49.43 FEET 

NUHBEA OF ;~E.SD-TIKE m i ~ s  = I "  

3o. 30 
35.00 
40. ot? 
35.30 
50. 00 
55.00 
59.00 
i7. 00 
93,oc 

191, 

I .. 
5.  I': 

3,;i 

4.51 

6.39 



i , OME-09 1.50M-CP 2.329E-93 5.i2ZE-135 2,;84€-03 ;.542f-33 ,409245 3.08 -1.09 

!. N O € -  13 1.000E-10 T.391E-93 3,ZZE-05 :.WE-03 4.10iE-ti3 ,39312; 3.68 -.59 



08/15/88 

ROCKY FLATS WEST SPRAY F I ELD  

WATER LEVEL SUMMARY 

WELL SAMPLE 
NUMBER DATE - -  
5086 10/23/86 

10127 186 
10/28/86 
1013 1/86 
11/26/86 
0 1/01 187 
03/31/87 
05/06/87 
06/01/87 
0 7 108187 
08/03/87 
08/14/87 

09/28/87 
11/02/87 
12/07/87 
01/05/88 
02/03/88 
03/14/88 
04/11/88 
05/12/88 

o a m  187 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER WATFR 
SURFACE CASING ST ICK  OF SI OF S I  OEPTH DEPTH SURFACE 
ELEVATION ELEVATION Up ___ BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6121.98 6123.25 1.27 96.15 6119.08 6025.83 96.15 49.50 6073.75 
49.25 607 4.00 
49.46 6073.79 
49 * 35 6073.90 
49.32 6073.93 
49.33 607 3.92 
49.52 6073.73 
49.08 6074.17 
47.65 6075.60 
47.00 6076.25 
47.60 6075.65 
46.40 607 6.85 
46.60 6076.65 
46.50 6076.75 
46.00 6077.25 
46.60 6076.65 
47.20 6076.05 
47.00 6076.25 
47.30 6075.95 
47.70 6075.55 
47.80 6075.45 



INDEX OF DATA 

Boring No.: 51 - 86 

Completed as well? Yes 

Data in File 

X Log of Borehole 

X Well Construction Summaries 

X Well Development Summaries 

X Hydraulic Conductivity Test Data 
and Results 

Packer Test Data and Results 

X Water Level Data 

Saturated Thickness H vdrograp h 

WEST SPRAY FIELD CLOSURE CHARACTERIZATIOY R F P 3 R T  
ROCKY FLATS PLANT, GOLDEN, COLORADO APPENDIX B 



Project: Rocky Flats Plant  (LOG OF BORING NO. 51-86 

Date Drilled 
Boring Method casing Driver 

i 0 I22 I86 Coordinates N 35618.3 E 13023.6 
Ground Surf ace Elevation 6142.29 ' 

sortgd; limonitic: d-q. - 

5.0-17.01-Cuttings. 
GRAVEL: Same as above: 
abundant quartzite 
boulders: dry. 

Material Deocriotion 

ROCKY FLATS ALIUVIUH 

O-5.01-Cuttings. GRAVEL: 
moderate brown (5YR 4 / 4 )  : 
sandy: 10-20% sand: poorly 

17.0-20.01-cuttings. 
GRAVEL: moderate brown 
(5YR 4/41; sandy; silty: 
10% sand: 20-30% gravel: 
damp. 

Remarks Lo@ by: T. Gulliver 

en tration 
t e s'ts t a n c e 
BbwsfFoot) 

20 40 nl-r 



Rocky Flats P l a n t  LOG OF BORING NO. 51-86 
Project: 

Date Drilled 10/22/86 Coordinates N 35618.3 E 13023.6 
Boring Method Casing Driver Ground Surface Elevation 6142.29' 

Depth 
(feet) yp 

Remarks b& bv: T. Ollliver 

)en tration 
1 e s?s t a n c e 
BbwdFoot) 20 40 

m 



Project: Rocky Elats P l a n t  ILOG OF BORING NO. 51-86 

Date Drilled 10/22/86 
Boring Method Casing Driver 

Coordinates N 35618.3 E 13023.6 
around Surface Elevation 6142.29' 

45.0-55.0'-Cuttings. 
BOULDER GRAVEL: pale 
yellowish brown (10YR 
6 / 2 ) ;  abundant quartzite 
and quartz sandstone; dry. 

Material Description 

55.0-74.0'-cuttings. 
BOULDER GRAVEL: 8ame as 
ab0V.i 8flty; dmp. 

Remarks k& by: T. Cillliver 

'en tration 
t e 8 s  t anc e 
Bbws/Foot) 
20 4 0  n-rr 

Other I Tests 
20 4 0  

1 1 1 1 1  



Rocky Flats Plant ILOG OF BORING NO. 51-86 
project: 

Date Drilled 10122 I86 Coordinates N 35618.3 E 13023.6 
Boring Method Casing Driver Ground Surface Elevation 6142.29' 

Project No. 

106p06 222 

- 
Elev 
,feel - 

Hydro-Search, Inc. Page 4 of 5 

Material Descrigtion 

-1E FORMATION 

78.5-81.0'-cuttinge. 

(5YR 5/6); silty; damp. 

74.0-78.5'-cuttings. 
CLAY: moderate brown (5YR 
4 / 4 ) ;  sandy: silty; 
subplastic; damp. 

r 

Remarks rO@ by: T. Gulliver 

- 
enetration 
tesistance 
BbwslFoot) 

20 40 
7-rT-r 

lllr 



Rocky Flats Plant Project: 

Material Description 

LOG OF BORING NO. 51-86 

81.0-94.0'-Cutting8. 
SILTSTONE: light olive 
brow (5YR 5/6) i minor 
claystone; damp. 

Project No. 
106po6222 Hydro-Search, Inc. 

TOTAL DEPTH: 9 4 . 0 '  

Page 5 of 5 ' 

Remarks Lagged by: T. Ollliver 

'en tration 
? e s% t a " c e 



CEMENT Portland Tv~e I 

OTHER 3/8" bentonite Dellets 
10 0.00' - 3.10' 

. -- 3.10' - 4.00' 
80.30' - 85.00' 

I HYDRO- SEARCH RENO.OENVEA 100 

D4TE 
1986 

WCTION 

T& 

WELL 

SUM 

10/23 

5 1-86 

MARY 

10/23_1200 
1505 -- 

A 3  I 39 1 ELEVATION: GROUNO LEVEL 61 
TOP OF CASING 614453 

10/23 
l0/23 
11/7 

CONSIRUCTION TlME LOG: 

1430 I 

i 

I 1510 
1420 

-- 
-- 

TASK - 

10/27 

10/23 
10/23 

DRILLING: 

1230 

1440 
1050 

-- 

~~ 

GEOPHYS. LOGGING 

CASING: 
2" stainless 

10/23 
10/23 

FILTER PLACEMPn 

CE MENTI NO: 

C NELCPMENT: 

OTHER: 
Ekntonite 1445 -- 

1150 

START 

-Iu I986 

10/23 1150 

FlNlSH 

10/22 1700 I 

WELL DEVELOP M E NT 

See Well Developrent Smmxy Sneet. 

~~ ~~~ 

COMMENTS: 

No water encountered during drilling. 

CONSULTING HYDROLOG1 STS-GEOLOGISTS 



Wll No.: 51-66 

DATE TIME METHOD V O L W  

10-27-86 1230 

10-27-86 1 230 Air I i fted 3.76 gals 

10-29-86 1440 Water level only 

WELL DEVELOPMENT SUMMARY SHEET 

10-30-86 1525 Bai led 7 gals 

11-03-66 1105 Bailed 9.5 gals 

I 1-05-86 1055 Bailed 9.5 gals 

11-06-66 1341 Bailed 9.0 gals 

I 1-07-86 1420 Bai led --- 

Light brown 
Slightly turbid 

Light brown 
Slightly turbid 

Light brown 
Slightly turbid 

Light gray 
Slightly turbid 

C I ear 

7/37.6 gals purged to date 

16.5/37.6 gals purged to date 

2W37.6 gals purged to date 

35/37.6 gals purged to date 

S a m  I ed 

APEARANCE 1 COMMENTS 

1 Well Bore Volume = 3.76 gal 

10 Well Bore Volumes = 37.6 gals 

Light brown spray 



Hydraulic conductivity cannot be 
calculated from the following 

aquifer test data for Well 51-86 

because the volume of bailed 

ground water is not recorded. 



c 
0 

0 
K 
% 
a 

HYDRO-SEARCH RENO OENVER CONSULTING HYDROLOGISTS-GEOLO G I STS 



AQUIFER TEST DATA - 
TTPEOfAOUIFERTEST c u w -  /- L- 

I I I I 1 I 1 

I 
r i I I I 

PUMPING ff O-ATiON W E U .  
WMPlNG or RECOVERY DATA 

HOW 0 MEASURED P A G E 4  O F ~ L 2  
HOW W.L's MEASURED DEPTH OF PUMP/AIRPIPE 

PUMP ON: dot. I b b  ttmo RAOJDIST, -/FROM PUMPING WELL 
MEAS. POINTFOR W.L.3 PUMP OFF: date timo 
ELEVATION Of MEAS. POINT DURATION Of AQUIFER TEST 



081 15/88 

WELL SAMPLE 
NUMBER DATE 

5186 

- -  
1 0 12 7 186 
10/29/86 
10/30/86 
11/03/86 
11/05/86 
11/06/86 
11/07/86 
11/26/86 
01/01/87 
02/23/87 
03/31/87 
05/06/87 
06/01/87 
07/08/87 
08/03/87 
08/19/87 
08/31 187 
09/28/87 
11/02/87 
12/07/87 
01/05/88 
02/03/88 
03/14/88 
041 11 188 
05/12/88 

ROCKY FLATS WEST SPRAY FIELD 

WATER LEVEL SUMMARY 

GROUND TOP OF DEPTH ELEVATION TOTAL WATER WATER 
SURFACE CASING STICK OF SI OF SI DEPTH DEPTH SURFACE 
ELEVATION ELEVATION - -  UP BASE TOP BOTTOM OF WELL BELOW TOC ELEVATION 

6142.29 6144.52 2.23 79.06 6137.46 6063.23 79.06 58.17 6086.35 
52.89 
47.50 
55.83 
60.73 
61.88 
61.10 
60.88 
62.69 
61.60 
56.85 
53.75 
46.90 
47.50 
50.00 
50.80 
54.60 
56.10 
58.90 
59.00 
64.10 
63.40 
63.40 
57.80 
57.60 

6091.63 
6097.02 
6088.69 
6083.79 
6082.64 
6083.42 
6083.64 
6081.83 
6082.92 
6087.67 
6090.77 
6097.62 
6097.02 
6094.52 
6093.72 
6089.92 
6088.42 
6085.62 
6085.52 
6080.42 
6081.12 
6081.12 
6086.72 
6086.92 



INDEX OF DATA 

Boring No.: 52-86 

Completed as well? Yes 

Data in File 

X Log of Borehole 

X Well Construction Summaries 

Well Development Summaries 

Hydraulic Conductivity Test Data 
and Results 

- x Packer Test Data and Results 

X Water Leyel Data 

Saturated Thickness Hydrograph 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO APPENDIX B 



ILOG OF 60RING NO. 52-86 
Projoct: Rodcy Flats Plant 

ROCXY FIATS ALLxMun 

O-7.0'-Cutting8. 
GRAVEL: mdorata brown 

lironitic: poorly 8ort.d; 
angular: dry. 

(5- 4/4)  ; 208 

7.0-16.0'-Cutting8. 
GRAVEL: modorato brown 
(5YR 4 / 4 ) ;  208 o i l t ;  
poorly sortad; angular; 
dry to damp. 

Porched wator table at 
12.0'. 

emrrkr  rornaed bp: T. Gulliver and T. K r u h v  



project: RDcky Flats Plant ILOG OF BORING NO. 52-86 

M a t er I al D< 8 c r io t lo n 
Ben tratlor R e $18 t anc e 
(BbwalFoot: 

20 4 0  
7-rrr 

3emarksc LnRgedby: T. G u l l i v e r  and T .  Murphy 



Rocky Flats Plant ILOG OF BORING NO. Project: 

57.O-59.Ot-Cuttfngs. 
GRAVeL: moderate yellow- 
i s h  brown ( 1 O Y R  5 / 4 )  : 
sandy: 25% fines: sub- 
angular: damp. 

59.0-69.0i-Cuttings. 
GRAVEL: moderate brown 
(5YR 4 / 4 ) ;  abundant 
quartzite and sandstone 
boulders; poorly sorted; 
subangular: dam. 

'emarkr by: T. Gulliver and T. iJi1rphy 



ILOG OF 80RING NO. q 7 - Q c  
project: Rocky Flats Plant 

Matorla1 bircriptlon Depth 

LARAMfE FORMATION 

72.0-76.0t-Cuttinga. 

69.0-70.0~-Cuttinga. 
GRAVEL: moderate brown 
(SYR 4 1 4 ) ;  ailtyr poorly 
8ort.d; nubangular; damp. 

'emar k s w b :  T. Gulliver and T. Xurphy 

- 
(BbwdFoot 

20 4 0  -rrm 



kcky Flats Plant b G  OF BORING NO. 53-86 
Project: 

88.0-93.0'-Sample. 
Recovered 4.0/5.0'-801. 
RQD-2.0/4.0*-50%. 
SILTSTONE: yellovish gra] 
(5Y 7/2) stained in bands 
dark yellowish orange 
(10YR 6 / 6 ) ;  sandy; trace 
clay; beds 1-3"  thick of 
silty sandstone; apparent 
dip of 10-15O; iron 
nodules present; soft; 
damp. 

93.0-98.O1-Sample. 
Recovered 1.7/5.0*=342. 
ROD- 1.7/1.7'=1001. 
CLAYSTONE: light olive 
gray (5Y 5/2); stained 
along fractures moderate 
yellow (5Y 7/6) ; trace 
silt; bedding dipping 15- 
20'; some bedding plane 
fractures with iron 
etains; also present 
eubvertical fractur.8; 
some stained; soft; damp. 

an trrtlo 

(Bbwdfoo 
20 4c 

& ?  08 8t8nC 

m 

1 

by: T. Gulliver and 4 .  -::urphv _ _  

Voject No. 
io6m222 Hydro-Search, Inc. Pane 5of  8 



[LOG OF BORING NO. 52-86 Project: Rocky Flats Plant 

Iemarks 

RQ-0 .6/2.7 '-22%- 
CLAYSTONE: light olive 
gray (5Y 5/21 grading to 
grayish red (5R 4/21 to 
yellowish gray (5Y 4/2); 
highly fractured and 
stained; iron stained 

7 / 0 ) ;  medium to very fine- 
grained; 10-20% mafics: 
mostly quartz; silica 
cement: hard: damp to wet. 

106.5-108.5'-Sample. 
Recovered 0.0/2.0'=0%. 

108.5-111.5'-S~ple. 
Recovered 0.8/3.0 ' - 2 7 % .  
RQD=O. O/O. 8 ' = O % .  
SANDSTONE: same as 101.5- 
106.5' with dark yellowisk 
orange etained siltatone 
(lOYR 6/6) interbedded 
with sandstone: medium to 
fine-grained; very silty; 
cross-bedded; hard; damp. 

111.5-114.5'-Sample. 
Recovered 1.0/3.0'=33%. 
RQD10.0/3.0t=O%. 
SANDSTONE: same a# above: 
light gray stained in 
band: dark yellowish 
orange (at high anglee 60- 
7 0 ' ) ;  very silty and 
clayey: bedding appears to 
be siriliar to utaining; 
#oft; damp to wet. 

-by: T. Gulliver I-,: r. \!Cr?nv 

'an trrtlor R 0 8?r t anc 4 
:Bbws/Foot; 

20 40 
7-ri-r 

lllr 



Rodcy Flats Plant ILOG OF BORING NO. 52-86 Project: 

3 

114.5-110.0'-S~pla. 
Recovered 3.0/3.5'-86*. 
R Q W  0/3.0*-OI. 
SANDSTONE: yellowish gray 
(5Y 7/2) ; medium to vary 
fine-grained; interbedded 
with silty Sandstone and 
clayey siltstone; dark 
yellowish orange 8tain8 
( 1 O Y R  6/6) throughout; 
appears in band8 at 60-70° 
from horizontal: soft; 

118.0-173.0'-S~p1e. 
Recovared 3.0/5.0'-60%. 
RQ+2.7/3.Ot=90t. 
SANDSTONE: yellowish gray 
(5Y 7/2) : bounded with 
dark yellowish orange 
(1OYR 6/6) ; fine to vary 
fine-grained; grade8 into 
silty sandstone, sandy 
siltstone and clayey 
siltstone; beds are 0.3-  
0.8 ft. thick; bedding is 
dipping 35O-4Oo from 
horizontal; some cr088 
bedding; cut and fill 
structures; banding of 
iron stain follows 
bedding: soft; wet. 

123.0-128.0'-Sample, 
Recovered 4.0/5.0'=802. 
RQD=3.4/4.0'=852. 

ecovered 1.3/5.0'=26%. 
RQ-1 O/l 3 '=772. 
SILTSTONE: yellowish gray 
(5Y 3/2) ; banded iron 
stain; sandy; Eand 
clayey layers; soft; wet. 

by: T. Gulliver and T. Murphy ?emarks Y che&e!dby:* 

Project No. 
n 

1WO6222 Hydro-Search, Inc. P a g e 7 0 f 8  



Project: Rocky Flats Plant 

1 

Mrterlal Dhcriptlon 

~~ 

133.0-136.0 ' -Sample. 
Recoverad 2.8/3.Oi=938. 
RQI)I0.6/2.8 ' 121%. 
SILTSTONE: eimiliar to 
above w i t h  alternating 
layers of sandy siltstone 
and clayey eiltstona; dark 
gray (N 3/01 v i th  
occasional dark yellowish 
orange (1OYR 6/6) layers; 
wood fragments; highly 
fractured; bedding appears 
to be at very high angle6 
(40-60'): fin; damp. 

136.0-141.0'-S~plO. 
Rocovarod 1.6/5.0'=328. 
RQWO.6/1.6 '=38%. 
SILTSTONE: mame an above; 
calcareoum cement; dark 
gray (N 3/0) layer of 
laminated siltstone and 
fine-grained sandmtona; 
light gray (N 5 / 0 )  to dark 
gray (N 3/0) ;  hard; damp. 

141.0-145.0'-S~p1~. 
Recovered 4.2/4.0'=105%. 

SILTSTONE: same as above. 
RQI)I2*0/4.2'=97%. 

145.0-l49.0~-Sample. 
Recovered 2.3/4.0'-572. 

SILTSTONE: dark gray (N 
3/01;  clayey; some 
sandstone beds (.2 to .4@- 

silty, very fine to fine- 
grained; color change to 
medium light gray (N 5/0); 
50-60' dip; firm; damp. 

RQDI2.0/2.3'~87%. 

-thick) ; sandstones and 

149.0-154.Oi-Sampie. 
Recovered 3.5/5.0'=708. 
RQD=2.0/3.5=57%. 
SILTSTONE: same as above. 

TOTAL DEPTH: 153.50 '  

>on trrtlor 
Re a?* t anc I 
:BbW./FOOt 

20 40 
Trrr 

?emat k s k>nned by: T. Gulliver and T. Murphy - <  . -  chedced by: 

106p06222 Hydro-Search, lnc. PW aof 8 
Project No. 
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WELL CONSTRUCTiON SUMMARY 

4 ORlUlNG SUMMARY: I CONSTRUCTION n m  LOG: 

:I 

. .  muzn NAhRuL 16-40 - 
camr-m- I 

m 3"- 

87.00' _- .1-25.80' 

0.00' - 8 5 -0-0 ' 

85.00' 90.00' 
128.00' - 147.00' 

I U e l l  b u i l t  t h rough  A'' cas1 'no, 
11/23-Used b e n t o n i t e  mud d r i l i i n . :  

fluid. 
1:/25-\:ashed h o l e  v i t h  24n0 g a l l o n  

11/26-?ulled AI1 c a s i n p  S lost 1S.Q 
f t  o f  casing i n  h o l e .  7rotce off 
from 129.0 - 147.0 

of  water 

HYDRO-SEARCH R L W X W V L R  CONSULTING HYDROLOGI3TS-GEOLOGISTS 



The Packer test d a t a  f o r  Well 52-86 

shown i n  t h e  fol lowing d a t a  s h e e t s  

’ could not  be analyzed 
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081 15/88 

WELL 
NUMBER 

5286 

SAMPLE 
DATE 

1211 1/86 
12 I12 186 
12 115186 
01/01/87 
02/23/87 
03/31/87 
05/06/87 
061 0 1/87 
07/08/87 
08/03/87 
08/18/87 
08/31/87 
091 28/87 
11/02/87 
12/07 187 
01/05/88 
02/03/88 
03 / 14/88 
04/11/88 
0 5 112 I88 

ROCKY FLATS WEST SPRAY F IELD 

WATER LEVEL SUMMARY 

GROUND TOP OF DEPTH ELEVATION 
SURFACE CASING STICK OF S I  OF S I  
ELEVATION ELEVATION UP BASE TOP BOTTOM 

6142.22 6144.86 2.64 125.65 6050.22 6016.57 

TOTAL WATER WATER 
OEPTH OEPrH SURFACE 
OF WELL BELOW TOC ELEVATION 

125.8 64.64 6080.22 
70.05 607 4. R 1 

6075.96 
68.79 6076.07 

6076.76 68.10 
68.56 6076.30 
68.60 6076.26 
68.20 6076.66 
68.20 6076.66 
67.50 6077 36 

6075.96 68.90 
68.20 6076.66 

6077.46 67.40 
67 70 6077.16 

6077.96 66.90 
67.70 6077.16 

6077.36 67.50 
67.60 6077.26 
67.60 607 7.26 
68.10 6076.76 

68-90 



INDEX OF DATA 

Boring No.: 56-86 

Completed as well? Y e s  
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We 1 1  Develop men t S u mma r ies 

Hydraulic Conductivity Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated T 11 i c k n e ss H y d r o g r a p h 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO APPENDIX B 



Projoct: RDcky Flats Plant 
I 

ILOG OF BORING NO. 
1 

Date Drilled 9/26/86 Coordinrtor N 3 4 0 7 1 . 9  E 1 7 1 0 4 . 2  
Boring Method Casing Driver Ground Surfrco ElOvrtlon 5 9 7 7.16 

Depth ( f o e t ) H  Matorlrl Dorcription 

Projoct No. 
106po6222 Hydro-Search, Inc. Page 1 of 1 

Remark8 Logged by: T. a l l i v e r  
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WELL 56-86 

WELL CONSTRUCTION SUMMARY 
LOCATION or COOROS: 

N 3 4 0 7 1 . 9  E 171nIr.7 

DRILLING SUMMARY: 

TOTAL DEPTH Well: 9.60' %le: 17.00' 

BOREHOLE DIAMETER 5/8" 

DRILLER Bovles Brothers Drillk CQ. 
15865 W. 5th Amme, Golden. CO 
Arraw Drilling, Tan High) 

RIG F U  IKX) 

BIT(S1 

DRILLING FLUID None 

SURFACE CASING -w 
WELL DESIGN: 

BASIS: GEOLOGIC LOG 2 GEOPHYSICAL LOG - 
CPSING STRING(S): C:CASING SrSCREEN 
0.00' 2.60' CI - 
2.60' 9.60' SI - - -- --- 
- -- - -- 

CASING: C I  2" I .D.  Sch. 5 t w  316 stain- 
less steel, threaded and flush 
iointed. 

SCREEN: SI  2" I.D. Sch. 5 tm 316 stain- 
less steel, threaded and flush 
iointed, 0.010" WirewraD screq 
0.25' welded bottan cap. 

UY, stainless steel CENTRALIZERS 
6.33' - 7.55' 

. *  
flL?ER MATERIAL 17-47 S d X L S i d  

2.45' - 10.00' 

0.00' - 2.30' 
CEMENT I 

OTHER 3/8" bentonite pellets 
2.30' - 2.45' 

10.00' - 17.00' 

HYDRO-SEARCH RENPOENVER 

ELEVATION: G R O U N D L M L  5977. 16' 
TOP OF CASING 5979-  l 5 '  

CONSTRUCTION nME LOG: 
W A R T  I FINISH 

TASK - 
DRILLING: 
5 5/8" 
advancer 

CASING: 
2" stainless 

FILTER PLACEMEK 
CEMENTING: 
CNELCPMrENT: 

OTHER: 
BPntonite 

9/26 1500 9/26 I /  
-1-1- 

A!zL15319/25 
9/x) 133 1012 

9/26 1445 9/26 
9/26 1530 9/26 

-1-1- 

TlME 

0920 - 

1530 
IYIO 
1130 

- 

WELL DEVELOP M E N T  

See Well Cevelormnt Smmry See t . 

COMMENTS: 

Water encountered at 7.0' during drillino. 

TOD of stainless s tee1 mine:  1 . 9 9  ' 

Screen d l e d .  hole washed. and well re- 
built. 

CONSULTING HYDROLOGI STS- G EOLOG I STS 



WeH No.: 56-86 

a ;  

0 

WELL DEVUOPM€MT SUMMARY SHEET 

. 





1 
I 
I 
I DATE .-, 

D A T E A L I  APPROVED BY 
\ ( . ( ; t i <  f m;'? 

DATE ! / _ _  I 
h - PREPARED  BY H. G- a 

i' 

MATH CHECK BY-- DEPT  1s $? 4 

METHOD REV. BY DEPT  DATE I DEPT 

- - 5.431 



T 
Time 

( m i n . )  

63.00 
63.50 
64.00 
64.50 
6 5 . 0 0  
65.50 
6 6 . 0 0  
67.00 
68.00 
69.00 
70.00 
71.00 
72 .OO 
73.00 
74.00 
75.00 
76.00 
78.00 
80.00 
82.00, 
84.00 
86.00 
88.00 
90.00 
92.00 
94.00 

WELL 56-86 
T' Water S '  s-(sA2/2b) 

T P r i m e  Level Rsd Drwdn b=3.44 
( m i n . )  (ft.1 (ft.) (ft. 1 
2.00 9 . 1 4  2.98 1.69 
2.50 9.02 2.86 1.67 
3.00 8.76 2.60 1.62 

4.00 8.56 2.40 1.56 
4.50 8.47 2.31 1.53 

6 . 0 0  8.24 2.08 1.45 
7.00 8.07 1.91 1.38 
8.00 7.97 . 1.81 1.33 

1.26 9.00 7.82 1.66 
10.00 7.71 1.55 1.20 
11.00 7.57 1.41 1.12 
12 00 7.52 1.36 1.09 
13.00 7.41 1.25 1.02 
14.00 7.33 1.17 0.97 
15.00 7.23 1.07 0 . 9 0  
17.00 7.07 0.91 0.79 
19.00 6.91 0.75 0.67 
2 1 . 0 0  6.78 0.62 0.56 
23.00 6.67 0.51 0 . 4 7  
25.00 6 . 6 0  0.44 0.41 
27.00 6.55 0.39 0.37 
29.00 6.50 0.34 0.32 
31.00 6.49 0.33 0.31 
33.00 6.47 0.31 0.30 

3.50 8.65 2.49 1.59 

5.00 8.38 2.22 1.50 

log(T/T' ) 

1.50 
1.40 
1.33 
1.27 
1.21 
1.16 
1.12 
1 . 0 5  
0.99 
0.94 
0.89 
0.85 
0.82 
0 . 7 8  
0.76 
0.73 
0.70 
0 . 6 6  
0 . 6 2  
0.59 
0 . 5 6  
0.54 
0.51 
0.49 
0.47 
0 . 4 5  
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a 

e WELL 
PUMPING or OBSERVATION WELL 
PUMPING or RECOVERY QATA 

AQUIFER TEST DATA 
TYPEOFAQUIFERTEST Tibl 1, .L- re c o v e r v  

HOW W.L.', MEASUREO beLyl"DJf 6 ) F L L  Z o u ~ O f i ( e  DEPTH OF PUMP/AIRPIPE 
RAD./QlST. OF/FROM PUMPING WELL _d PUMP ON: d Q t r / o / o l . / P f  time 
MEAS. POiNT FOR W.L.', < >  Jr nL l n o f r  Ceb.o. PUMP OFF: dote time 

/ 
now o MEASURED 4/;4 duN ~ u C  k P F  PAGEL OF 

ELEVATION OF M U S .  POINT 7 4 DURATION OF AOUIFER TEST 



RAW DATA 

WELL # 56-86 

WELL DIAMETER= 5.63 INCHES 
CASING DIAMETER= 2.00 INCHES 
VOLUME OF WATER= .54 GALLONS" 
LENGTH OF AQUIFER TESTED= 3.44 FEET 
VALUE OF HO= 3.31 FEET 
STATIC WATER LEVEL= 6.16 FEET 
LENGTH OF SCREEN= 7.00 FEET 
WATER TABLE TO BOTTOM OF WELL= 3.44 FEET 

SLUG TEST DATA: 

TIME 

0. 0.35 
0. 1. 0 
0. 1.30 
0. 2. 0 
0. 2.30 
0. 3. 0 
0. 3.30 
0. 4. 0 
0. 4.30 
0. 5. 0 
0. 6. 0 
0. 7. 0 
0. 8. 0 
0. 9. 0 
0.10. 0 
0.11, 0 
0.12. 0 
0.13. 0 
0.14. 0 
0.15. 0 
0.17. 0 
0.19. 0 
0.21. 0 
0.23. 0 
0.25. 0 
0.27. 0 

WATER LEVEL 
(FEET) 

9.47 
9.23 
9.11 
8.79 
8.60 
8.45 
8.31 
8.19 
8.09 
7.97 
7.81 
7.62 
7.48 
7.33 
7.21 
7.10 
7.01 
6.85 
6.83 
6.75 
6.67 
6.59 
6.54 
6.50 
6.51 
6.48 

----------- 
TIME SINCE TEST 
BEGAN (MINUTES) 

.58 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
6.00 
7.00 
8.00 
9.00 
10 00 
11.00 
12.00 
13.00 
14.00 
15.00 
17.00 
19.00 
21.00 
23.00 
25.00 
27.00 

* Value of Ho set at drawdown at 35 seconds. Volume 
o f  water recovered is calculated from this assumed 
Ho. Test data sheet does not record volume of water 
recovered. 



WELL # 56-86 

WELL DIAMETER= 5 . 6 3  INCHES 
CASING DIAMETER= 2 .00  INCHES 
VOLUME OF WATER REMOVED OR ADDED TO WELL= . 54  GALLONS 
LENGTH O F  AQUIFER TESTED= 3 .44  FEET 
VALUE O F  HO= 3 . 3 1  FEET 
STATIC WATER LEVEL= 6 . 1 6  FEET 

SLUG TEST DATA: 

TIME SINCE TEST 
BEGAN (MINUTES) --------------- 

e 58 
1 . 0 0  
1 . 5 0  
2 . 0 0  
2 . 5 0  
3 . 0 0  
3 . 5 0  
4 . 0 0  
4 . 5 0  
5 . 0 0  
6 . 0 0  
7 . 0 0  
8 . 0 0  
9 . 0 0  

1 0 . 0 0  
1 1 . 0 0  
1 2 . 0 0  
1 3 . 0 0  
1 4 . 0 0  
1 5 . 0 0  
1 7 . 0 0  
1 9 . 0 0  
21 .00  
2 3 . 0 0  
2 5 . 0 0  
27 .00  

WATER LEVEL 
(FEET) 

9 . 4 7  
9 . 2 3  
9 . 1 1  
8 . 7 9  
8 . 6 0  
8 . 4 5  
8 . 3 1  
8 . 1 9  
8 . 0 9  
7 . 9 7  
7 . 8 1  
7 . 6 2  
7 . 4 8  
7 . 3 3  
7 . 2 1  
7 . 1 0  
7 . 0 1  
6 . 8 5  
6 . 8 3  
6 . 7 5  
6 . 6 7  
6 . 5 9  
6 . 5 4  
6 . 5 0  
6 . 5 1  
6 . 4 8  

----------- 
DRAWDOWN 
(FEET) 

3 . 3 1  
3 . 0 7  
2 . 9 5  
2 . 6 3  
2 . 4 4  
2 . 2 9  
2 .15  
2 . 0 3  
1 . 9 3  
1 . 8 1  
1 . 6 5  
1 . 4 6  
1 . 3 2  
1 . 1 7  
1 . 0 5  

. 9 4  

. 8 5  

.69  

.67  

. 5 9  

. 5 1  

. 4 3  

. 3 8  

.34  

. 3 5  

.32  

-------- 
HEAD RATIO 

---------- 
1 . 0 0 0  

.927  

. 8 9 1  

. 7 9 5  

.737  

.692  

.650  

. 6 1 3  

. 5 8 3  

.547  

. 4 9 8  

. 4 4 1  

.399  

. 3 5 3  

.317  

.284  
, 2 5 7  
. 2 0 8  
, 2 0 2  
. 1 7 8  

154 
.130  
,115 
. l o 3  
. l o 6  
. 097  

RECIPROCAL TIME 
 MI MINUTES) ------------_-_ 

1 . 7 1 4  
1 . 0 0 0  

. 6 6 7  
0 500 
e 400 
, 3 3 3  
.286  
.250  
. 2 2 2  
.200  
. 1 6 7  
. 143  
.125  
.111 
.loo 
. 0 9 1  
. 083  
.077  
. 0 7 1  
, 0 6 7  
, 0 5 9  
.053  
.048  
. 0 4 3  
. 0 4 0  
.037 



WELL # 56-86 

PERMEABILITY BASED ON COOPER, RREDEHOEFT, AND PAPADOPULOS METHOD a 
PERMEABILITY=1.03E-O3/ MATCH TIME (IN MINUTES) 
STORAGE COEF= .13 * ALPHA 
ALPHA=l.OOE-05 MATCH TIME= 2.7 
PERMEABILITY= 3.84E-04 CM/SEC 
STORAGE COEFz1.26E-06 
CORRELATION NUMBER= 1.00 

COMPUTER CALCULATES 

PERMEABILITY BASED ON REGRESSION FIT OF HEAD RATIO DATA 

HVORSLEV PERMEABILITY=1.38E-O3 / LAG TIME 
BOUWER PERMEABILTY=1.21E-O3 * -SLOPE 

COMPUTER CALCULATES 
HVORSLEV PERMEABILITY=1.50E-O4 CM/SEC 
BOUWER PERMEABILITY=5.01E-O5 CM/SEC 

REGRESSION STATISTICS 
X ON Y 

INTERCEPT= -.06 
SLOPE=-4.08E-02 

INTERCEPT= -.05 
SLOPE=-4.21E-02 

Y ON X 

CORRELATION COEFFICIENT= -.98 
CALCULATIONS INDICATE THAT A VALUE OF 3.67 FEET FOR HO 

OR A VALUE OF 1.898 INCHES FOR EFFECTIVE CASING DIA. 
MAY YIELD BETTER RESULTS 

PERMEABILITY BASED ON REGRESSION FIT OF DATA - FERRIS & KNOWLES METH 

PERMEABILITY=8.48E-O4 / SLOPE 
PERMEABILITY=1.02E-O4 CM/SEC 

REGRESSION STATISTICS 
X ON Y 

INTERCEPT= .11 
SLOPE= 8.1 

INTERCEPT= . 0 6  
Y ON X 

SLOPE= 8.5 
CORRELATION COEFFICIENT= .98 



WELL # PERMEABILITY PERMEABILITY STORAGE COEF PERMEABILITY PERMEABILI? 
METHOD 1 METHOD 2 METHOD 2 METHOD 3 METHOD 4 ------ ------------ ------------ -----------_ ------------ ----------- 

56-86 1.50E-04 3.843-04 1.26E-06 1.02E-04 5 . 0 1 E - 0 5  

* METHOD 1 IS HVORSLEV 
METHOD 2 IS COOPER, BREDEHOEFT, AND PAPADOPULOS 
METHOD 3 IS FERRIS AND KNOWLES 
METHOD 4 IS BOUWER 



z 
0 
% 
s 0 

t 
0 

0 
K 
P 

% 

I I I 1 I I I I I I I I 

HYDRO-SEARCH RENO DENVER CONSULTING H Y D R O L O G ~ T S - G E O L O G I S T S  



Page 22 

ROCKY FLATS WEST SPRAY FIELD 

WATER LEVEL SUMMARY 

GROUND TOP OF 
WELL SAMPLE SURFACE CASING ST I CK  
NUMBER DATE ELEVATION ELEVATION Up 

599O.fC 
5686 09/30/86 5!3+97% 1.99 

10/01/86 5?&2. /S+5t  

10/02/86 
101 13/86 
11/26/86 
0 1/01 187 
05/08/87 
06/02/87 
07/07/87 
071 14/87 
08/03/87 
08/31 187 
09/29/87 
11/09/87 
121 18/87 
01/09/88 
02/24/88 
03/07/88 
04/04/88 
05/02/88 

OEPTH ELEVATION TOTAL WATER 
OF S I  OF S I  DEPTH DEPTH 
BASE TOP BOTTOM OF WELL BELOW TOC 

9.60 5974~56 59f536 9.60 8.01 

- 
5787,SL csf: 

=9 YU.CL es f 8.03 
7.97 
6.33 
6.69 
6.83 
5.02 
6.61 
6.73 
6.80 
7.50 
5.70 
;.lo 
6.90 
7.10 
6.50 
6.30 
5.80 
4.70 
6.10 

WATER 
SURFACE 
ELEVA1 ION e S C- 

Note: Survey d a t a  i n c o r r e c t  f o r  t h i s  w e l l .  Hand-written va lues  r e f l e c t  
c o r r e c t i o n s  based on es t imated  ground su r face  e l e v a t i o n s  f r o m  t h e  
topographic 



APPENDIX C 

TEST PIT DATA 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX C 



TEST PIT LOGS 

For the lithographic descriptions of  the test pits at  the West Spray Field a modified 
Wentworth Grain-Size Scale was used. Additionally, the Unified Soil Classification 
System (USCS) by B.W. Pipkin was used in describing the soils. 

Following are the Grain-Size Scale and USCS information from the American 
Geological Institute, 2nd Edition, 1985. 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX E 



AQI DATA SHEET 17.1 

QRA~N-SCALE USED BY AMERICAN QEOLOQIS~~ 
Modlfled Wantworth W e  - otter Lane, at al., 1947, T m r .  American GeophyaicrJ 
Union. v. 28. D. 838838 

Small GRAVEL 

very coarse 

C o a X  

-6 & . - . .  2.52 63mm . 

-5 32 - - - - 1.26 31.5mm - ~ ~ ~ - ~ 

-4 16 . - . . 0.63 16mm - ~ - . - ~ 

medurn hbbles 
z3 8 - . . . 0.32 gmm ~ . . ~ - ~ 

-2 4 . - . .  0.16 No.5 . ~ . ~ . ~ 

flne 

very flne 

very coarse 

C a M e  

1- 2 -- 0.08 NO. 10 -- 
0 1 . - ~ - 0.04 N 0 . 1 8  - - . ~ - - 

+1 1/2 0.500- - - ~ N0.35 . . . - - - 
medum Sand SAND 

fine 

very flne 

+2 114 0.250 - - ~ ~ N0.60 - . ~ . . - 
+3 118 0.125 - - ~ - NO. 120 - . . - . . 

- +4 - V16- 0.062 No. 230 
C O a M  

+5 1/32 0.031 ~ ~ ~ ~ . ~ . . . - . - . 

+6 1/64 0.016- ~ . - - ~ - - . . ~ - . Slit 

+7 1/1a 0.008. . . - . . . . - . - - - 

+8 1/256 0.004- - . . . - . - -- MUD 

+g 11512 0.002- ~ ~ - . . - . . . . . - 

+10 VI024 0001 ~ - . ~ - ~ . - - - - . - Clay size 

+11 1/2048 o.ooo5 . ~ - ~ ~ . - - - . - - 

medurn 

flne 

very flne 

C a M e  

medum 

flne 

very flne 

-+12 - 1/40%- O.Oo0 
A O W  



AGI DATA s n m  2s.t 

U n W  Soil clarrriffcatlon System 
CompUd by 8. W. PlpkIn, Unlwnlty of Southom Califomb 

v) 



EXPLANATION OF SYMBOLS AND TERMS FOR 

TEST PIT LOGS  

GRAPHIC LOG 

Gravelly sandy clay or gravelly clayey sand o r  clayey sand and 
gravel or sandy clayey gravel 

Sandy clay 

Gravelly clay 

USCS SYMBOL 
(Unified Soil Classification System) 

OL Organic silt and organic silty clays of low plasticity 

CL Inorganic clay of low to medium plasticity, gravelly clay, sancy clay, 

SC Clayey sand, sand-clay mixtures 

GC Clayey gravel, gravek- sa  nd -cI ay mixtures 

and/or silty clay 



LOG OF TEST PIT 

Test Pit No. wsFol Locotion Rocky Fiats Plant; West Spray Field 

L 

Ground Surface Elevation '' 02.22' coordinates N 35520.83 E 15020.21 

Total Depth 5.2' Water Level Encountered I '5' 

Date Logged May 3i 

Excavation Method Backhoe 

Checked By 
Site Manager 

Logged By KO Holliway 
Geologist 

Comments 

Samples Collected 
Lit hog rap h ic Oescri pt  ion or  Other Tests  

Performed 

0 

2 

4 

6 

8 

10 

-.- 

No readings over 
background with HNu. 

0.0-1.3'. 
GRAVELLY SANDY CLAY: dusky brown (5 YR 212); - 
35% gravel; organic clay (OL-CL); some very fine- 
grained sand, trace medim-grained sand; some 
fine-graded pebbles to small cobbles generally 
subrounded; overall poorly sorted; mediun stiff; 
moist. 
Sharp contact. 

1.3-3.5'. 
GRAVELLY SANDY CLAY: d e r a t e  brown (5 YR 4/41; 
alluvial soil (SC) medim-grained to coarse- 
grained, subangular to subrounded sand; clay; some 
f ine-graded pebbles ranging to large-graded 
cobbles and occasional small boulders, poorly 
sorted, generally subrounded; some pockets of 
olive gray clay; highly plastic; saturated. 
Gradational contact 3.2'-3.5'. 

' 3 .5 -5 .2 ' .  
GRAVELLY CLAYEY SAND: tight brown (5 YR 5/6); 
alluvial soil (SC); 30% gravel; some dim- 
grained to coarse-grained sand, subangular to 

, subrounded sand; fine-graded pebbles ranging to 
occasional large cobbles, mostly mediun-grade 
pebbles, subrounded; poorly sorted; mediun 
plastic; moist. 

' TOTAL DEPTH = 5.2' 

1.0' SAMPLE: 
USFOlOl 

2.5' SAMPLE: 
USF0102 

4.5' SAMPLE: 
USF0104 



LOG OF TEST PIT 

Location Rocky Flats Plant; West Spray Field 

Coordinates N 35785.89 E 15024.74 Ground Surface Elevation 6099.52 '  

Total Depth 4.4' Water Level Encountered ' .2 '  
Date Logged Checked By 
Excovo tion Method Backhoe 
Logged By KD Holliway 

Test Pit No. wsFo2 

3 9  Igaa 
Site Manager 

Geologist 

Comments 

Lit h og rap h i c De :s c ri p t i o n or O!her Tests Q 
Performed 

V 

2 

4 

6 

8 

IO 

, 0.0-1.2'. 
GRAVELLY SANDY CLAY: dusky brow (5 YR 2/2); - 
30% gravel; 20% sand; organic clay (oL-CL/SC); 
very fine-grained sand; fine-graded pebbles to 
large cobbles, subrounded and subangular, poorly 

' sorted; roots to 0.851; mediun plastic; moist to 
wet. 
Wavy, sharp contact at 1.2l. 

1.2-2.8'. 
GRAVELLY CLAYEY SAND: moderate brown (5  YR 4/4); 
30% gravel; alluvial soil (SC) fairly well sorted, 
medim-grained to coarse-grained, subangutar to 
subrounded sand; some clay: poorly sorted, fine- 

, graded pebbles to large cobbles, generally 
subrounded; stringers of organic soils from above 
zone are occasional, friable to lirm: moist. 
Irregular gradational contact. 

2 . 8 - 4 . 4 ' .  
GRAVELLY SANDY CLAY: Light brow (5 YR 5/6) and 
moderate yellowish brown (10 YR 5/41; aliuvial 
soil (SC/GC); moderately sorted,, fine-grained to 
medim-grained sand, subangular and subrounded; 
poorly sorted fine-graded pebbles to small 
boulders, generally subroundrd, occasionally 
associated olive gray clay: medim firm or stiff; 
moist. 

TOTAL DEPTH = 4.4' 

No readings over 
background with HNu. 

2.2' SAMPLE : 
USFO202 

4.4' SAMPLE: 
USF0204 



I -  ---- - LCG IC>1 d l  

R o c k y  Flats Plant: West Spray Field Test Pit No. NSF03 

coordinates N 36078.77 E 15021.92 rjrouna Surface Elevation 5098.81' 
'Nater Level Encountered ' . ' '  'ctal Depth 3 9' 

Date Logqed May 3~ 1988 

Excavation Method Backhoe 
Logged By KD Holliway 

Geologist 

Checked By 
Site UGnager 

zcrnments 

Y 

2 

4 

6 

8 

10 

)L-CL/ 
X 

;c/sc 

0.0-1.1'. 
GRAVELLY SANDY CLAY: grayish brown (5 Y R  3/21; 
organic clay (OL-CL) and alluvial soiL (SC); very 
fine-grained sand; moderately sorted and 
subangular f ine-graded pebbles to mediun-graded 
pebbles; firm to slightly plastic; mist to uet. 
Uavy, sharp contact at 1.1'. 

1.2-2.5'. 
CLAYEY SAND AND GRAVEL: moderate brown (5 Y R  
4/41; alluvial soil (CC/SC); 40% gravel; trace 
clay; mediun-grained to coarse-grained, moderately 
sorted, subangular a d  subrounded sand; some clay; 
fine-graded to coarse-graded pebbles ranging to 
.accasional large cobbles, subrounded; trace 
stringers of organic soil from above; firm; moist 
to net. 
Gradational contact. 

'2.5-4.9'. 
GRAVELLY SAND AND CLAY: Light broun (5 YR 5/6) 
and d e r a t e  yellowish brown (10 YR 5/4); 30% 
gravel; atluviun (CC/SC); poorly sorted, fine- 
.grained to coarse-grained subangular sand; poorly 
sorted gravels ranging fine-graded pebbles to 
mediun boulders, generally subrounded; pockets of 
olive gray clay associated uith boulders; slightly 
firm; mist. 

TOTAL DEPTH = 4.9' 

No readings over 
background with HNu. 

0.9' SAMPLE: 
WSFO301 

2.2' SAMPLE: 
USFO302 

4.7' SAMPLE: 
USFO305 



LOG OF TEST PIT 

e Location Rocky Flats Plant; West Spray Field 

Coordinates N 35830.20 E 15153.24 
Total Depth 5.0' 

Date Logged 3- '988 

Excova tion Met hod Backhoe 
Logged By KD Holliway 

Geologist 

Test Pit No. wsF04 
Ground S u rf a c e E I eva tio n 609 6.82' 

Water Level Encountered .35' 
Checked By 

Site Manager 

Comments 

1 Samples Collected 
Lithographic Description or Other Te s t s  

Perf orrned 

n v 

2 

4 

6 

8 

10 

0.0-1.35'. 
GRAVELLY SANDY CLAY: dusky broun (5 YR 2/21: 
organic clay (OL-CL) and altwiun (SC); very fine- 
grained sand; moderately sorted gravels ranging 
from fine-graded to coarse-graded pebbles to large 
cobbles, generally subrounded; slightly plastic; 
moist to uet. 

1.35-3.2'. 
GRAVELLY SANDY CLAY: moderate brown (5 YR 4/41: 
uith red stainina in clayey zone 1.351-2.2'; 
attwiun (SC) poorly sorted fine-grained to 
coarse-grained subangular and subrounded sand; 
moderately sorted graveis ranging from mediun- 
graded pebbles to large cobbles, subrounded; trace 
stringers organic soil from above zone; medium 
firm to firm; moist. 
Irregular, gradationai contact. 

3.2-5.0'. 
CLAYEY SAND AND GRAVEL: tight brown (5 YR 5/6) 
and moderate veltouish broun (10 YR 5/4); alluvium 
(GC/SC); moderately sorted, fine-grained to 
mediun-grained subangular and subrounded sand; 
some clay; moderately sorted gravels ranging from 
fine-grained pebbles to some Large cobbles uith 
occasional sinat1 boulders, subrounded; pockets of 
olive gray clay are associated uith cobbles and 
boulders; firm; moist. 

TOTAL DEPTH = 5.0' 

No readings over 
background (0.2 
units) uith HNu. 

0.9' SAMPLE: 
USFO401 

4.1' SAMPLE: 
WSFO404 



LOG OF TEST PIT 

Location Rocky Flats Plant; West Spray Field 0 
Coordinates N 36284.59 E 15165.46 

Total Depth 5.1' 

Date Logged May 3. 1988 

Excavation Method Backhoe 
Logged By KD Holliway 

Geologist 

Test Pit No. WsFo5 

Ground Surface Elevation 6095.61' 

Water Level Encountered ' .3' 

Checked By -. 3ite Manager 

Comments 

1 
Samples Collected 

Lithographic Description or Other Tests  
Performed 

A 

U 

2 

4 

)L-CL/ 
3C 

sc 

GC/SC 

0.0-1.3'. 
GRAVELLY SANDY CLAY: dusky brown (5 YR 2/21; 
organic clay (OL-CL) and alluviun (SC); some very 
f ine-grained sand; moderately well sorted gravels 
ranging from mediun-graded to very coarse-graded 
subrounded pebbles; firm; moist to uet 

1.3-3.4'. 
GRAVELLY SANDY CLAY: moderate brown (5 YR 4/41; 
alluviun (SC) moderately sorted medium-grained to 
coarse-grained sand uith some fine-grained sand, 
subangular and subrounded; poorly sorted gravel 
ranging from fine-grained pebbles to small cobbles 
with occasional large cobbles to small boulders, 

' subrounded; mediun firm; high clay zone 2.3-2.7'; 
trace organic soil stringers from upper zone; 
mist. 

3.4-5.1 I .  

CLAYEY SAND AND GRAVEL: light broun (5 YR 5/61 to 
moderate yeilouish brown (10 YR 5/41; alluviun 
(GC/SC); moderately to poorly sorted, fine-grained 
to coarse-grained subangular to subrounded sand; 
moderately sorted gravels ranging frcm fine-graded 
to mediun-graded pebbles with occasional small to 
large cobbles, subrounded; pockets of olive gray 
clay are found associated uith cobbles; mediun 
firm; moist. 

TOTAL DEPTH = 5.1' 

No readings over 
background uith HNu. 

0.75' SAMPLE: 
USFO501 

2.0' SAMPLE: 
USFO502 

4.2' SAMPLE: 
USFO504 



LOG OF TEST PIT 

Location Rocky Flats Plant; West Spray Field 

Total Depth 4.5' 
Date Logged 4* 1988 

Excavation Method Backhoe 

Coordinates N36537.97 E 15392.74 
Test Pit No. wsFo6 

Ground Surface Elevation 6090.81' - 
Water Level Encountered 2.2'  
Checked By 

Site Manager 

Logged By KD Holliway 
Geologist 

Comments 

Samples Collected 
Lithographic Description or Other Tests 

Performed 

0 

2 

4 

6 

8 

IU 

3L-CL, 
j C  

sc 
0.0-1.1 ' . 
GRAVELLY SANDY CLAY: dusky broun (5 YR 2/21; 
organic clay (OL-CL) and alluviun (SC); *20% fine- 
grained sand; moderatety sorted gravels ranging 
from medim-graded pebbles to very coarse-graded 
pebbles, subrounded; roots to 0.91; moist to wet. 
Wavy, sharp contact. 

1.3-3.5'. 
GRAVELLY SANDY CLAY: moderate broun (5 YR 4/4) 
intense red and broun color variations; alluviun 
(SC)  moderately sorted fine-grained to mediun- 
grained sad; moderately well sorted gravels 
ranging from fine-graded to coarse-graded pebbles 
uith occasional small cobbles, subrounded; pockets 
of clay associated uith cobbles; trace organic 
soil stringers from upper zone; moist to uet; wet 
zones occurring at approximately 2.2'. 
Gradational Contact 3.2'-3.5'. 

3.4-4.5'. 
CLAYEY SAND AND GRAVEL: light brown (5 YR 5/61 
and moderate yellowish broun (10 YR 5/41 intense 
colors of reds and brouns; allwiun (SC); 
moderately sorted rnediun-grained s a d  uith trace 
fine-grained to coarse-grained sand, subangular to 
subrounded; moderately sorted gravels ranging from 
fine-graded to coarse-graded pebbles uith 
occasional small cobbles, subrounded; occasional 
pockets of olive gray clay associated uith the 
cobbles; some caliche at 4.4'; moist to saturated 
at 4.5'. 

TOTAL DEPTH = 4.5l 

No readings over 
background with HNu. 

2.1' SAMPLE: 
USFO602 
Saturated at 2.2' . 
Mater seeping into 
trench . 

4.6' SAMPLE: 
USFO604 



LOG OF TEST FIT 

Locotion Rocky Flats Plant; West Spray Field Test Pit  No. wsF07 

Coordinates N 35892.92 E 15295.62 Ground Surface Elevation 6093.92' 

Total Depth 4-8' Water Level Encountered ' h 3 '  

Date Logged 4* 1988 Checked By 
Excavation Method Backhoe 
Logged By KD Holliway 

Site Manager 

Geologist . 

Comments 

/ 
/ 

Samples Collected ' 
Lit hog rap h ic Description or  Other Tests 

Performed 

n 
U 

2 

4 

6 

8 

10 

)L-cL/ 
;C 

jC/GC 

;C 

0.0-1.3'. 
GRAVELLY SANDY CLAY: dusky brown (5 YR 2/21; 
organic clay (OL-CL) and allwiun (SC); some very 
fine-grained sand; moderately sorted gravels 
ranging from fine-graded pebbles to very coarse- 
graded pebbles and occasional small cobbles, 
subrounded and subangular; mediun firm; moist to 
wet. 

1.3-3.5'. 
GRAVELLY CLAYEY SAND TO SANDY CLAY: moderate 
brow (5 YR 4/4) to light brown (5 YR 5/61; 
alluviun (SC/GC); poorly sorted fine-grained to 
coarse-grained subangular and subrounded sand; 
occasional mediun-graded to very coarse-graded 
pebbles and small cobbles; occasional clay; 
plastic to highly plastic; wet to moist. 

3.5-4.8'. 
CLAYEY SAND AND GRAVEL: light brown (5 YR 5/6) 
and moderate yellowish brown (10 YR 5/4) and light 
olive gray (5 Y 611); clay zone at 3.8' with 
caliche; alluviun (GC); moist, firm, pockets of 
red and pink staining; some moderately sorted 
fine-grained to mediun-grained sand, subangular; 
s m  subrounded fine-graded to very coarse-graded 
pebbles with some small to large cobbles; mediun 
firm to stiff moist. 

TOTAL DEPTH = 4.8l 

No readings over 
background uith HNu. 

0.5' SAMPLE: 
US F070 1 

2.0 '  SAMPLE: 
WSFO702 

3.8' SAMPLE: 
USFO704 



Yl 
n c  -- 

1 - (3 G J1 L s i  by- I - I -  

Location Rocky Flats Plant: West Spray F;eld 

Coordinates N 36214.47 E 13774 47 Ground Surface E!evation s1 22.za' 
Total Depth 4.8' Water Level Encountered l . 0 '  

Test Pit No. w5F08 

Date Logged May 4*  1988 

Excavation Method Backhoe 

Checked Ey 
Site Manager 

KO Holliway Logged By 
Geologist 

Comment s  

Samples Cotlected ,/ 

/' Lithographic Cescri ption or Other Tests  
Perf  orrned 

A 

IL-CL, 
;C 

GC 
0.0-1.1 1 .  

SANDY CLAY AND GRAVEL: dusky broun (5 YR 2/2); 
organic clay (OL-CL)  and alluviun (SC);  some very 
fine-grained sand; moderately sorted gravels 
ranging f r m  medim-graded to very coarse-graded 
pebbles uith occasional small cobbles, subrounded; 
roots to 0.9 ' ;  mediun plasticity to firm; uater at 
1-foot depth; moist to uet. 

.1.1-3.3'. 
CLAYEY SANO AND GRAVEL: moderate broun (5 YR 4/41 
intensely colored and mottled; alluviun (GC); 
moderately uell sorted medium-grained to coarse- 
grained sand, subangular and subrounded; 
.subrounded gravel ranging f r m  fine-graded to very 
coarse-graded pebbles uith s a w  small to large 
cobbles and occasional small boulders; highly 
pkastic; saturated. 
Gradational contact 3.2'-3.5'. 

3.3-4.8'. 
SANDY CLAY AND GRAVEL: light broun (5 YR 5/61 and 
moderate yellouish broun (10 YR 5/4) to dark 
.yellowish .orange (10 YR 6/61 uith yellouish gray 
(5 Y 7/2) to light olive gray (5 Y 6/11 clay; 
alluviun (GC); moderately to poorly sorted, 
subangular and subrwnded fine-grained to mediun- 
grained sand, poorly sorted, subrounded gravels 
ranging from medim-graded to very coarse-graded 
pebbles uith small cobbles to small boulders; 
pockets of dark reddish broun (10 R 3/41 staining; 
highly plastic and sticky; moist to Yet. 

TOTAL DEPTH = 4.8' 

No readings over 
background uith HNu. 

0.65' SAMPLE: 
USF0801 

2.0' SAMPLE: 
USFO802 

4.6' SAMPLE: 
USF0805 



LO$ OF TEST PIT 

Location Rocky Flats Plant; West Spray Field Test Pit No. WSFOS 

Total Depth 4S'  

Date Lagged May 4 a  1988 

Excavation Method Backhoe 

Ground Surface Elevation 6' 17.i?a' 
Water Level Encountered 1 ,  ' 
Checked Ey 

Site Manager 

Logged By KD Holliway 
Geologist 

Comments 

Samples Collected 
Lithographic Description or  Other Tes t s  

Performed 

A 

U 

2 

4 

6 

8 

10 

3L-CL, 
SC 

GC 
. -  0.0-1.1 I .  

GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2); 
organic clay (OL-CL) and alluvim (SC); some very 
fine-grained sand; moderately sorted, subrounded 
gravels ranging from medim-graded to very coarse- 

. graded pebbles; slightly plastic to firm; water at 
1.1'; moist to uet. 
Sharp contact at 1.1:.  

1.1-3.3'. 
SANDY CLAY AND GRAVEL: modcrate brown (5 YR 4 / 4 ) ;  
alluviun (GC); poorly sorted, subangular and 
subrounded fine-grained to coarse-grained sand; 
pockets of clay comnon; poorly sorted, subrounded 
gravels ranging from fine-graded to very coarse- 
graded pebbles and small cobbles to small 
boulders; varied colored dark yeltowish orange (10 
YR 6/61 and moderate reddish brown (10 R 4 / 6 )  
sandy zones grading into clay zones with intense 
staining; highly plastic to firm or stiff; uet to 
saturated. 
Gradationel contact 3-3.5'. 

3.3-4.5'. 
SANDY CLAY AND GRAVEL: modcrate vellowish brown 
(10 YR 5/4), dark yellowish orange '(10 YR 6/6) and 
yellowish gray (5 Y 7/21; alluviun (GC) moderately 
sorted, subangular and subranded, fine-grained to 
mediun-grained sand with occasional zones coarse- 
grained sand: poorly sorted, subrounded gravels 
ranging from fine-graded to very coarse-graded 
pebbles and small cobbles to small boulders; 
pockets of bedded sandstone quartzitic; yellowish 
gray (5 Y 7/21, fine-grained to medim-grained, 
subrounded, well sorted; firm; moist to wet. 

TOTAL DEPTH = 4.51 

No readings over 
background with HNu. 

0.5 '  SAMPLE: 
USFOP01 

2.0' SAMPLE: 
WSFOPOZ 

4.4' SAMPLE: 
USFO904 



LOG OF TEST PIT 

Location Rocky Flats Plant; West Spray Field 

Coordinates N 35558.85 E 14188.40 Ground Surface Elevation 6'  '8 .53 '  
Total Depth 4.0' Water Level Encountered 2.25' 
Date Logged May 5 1  l g a 8  Checked By 
Excavation Method Backhoe Site Manager 
Logged By KO Holliway 

Test Pit No. WSF1O 
0 

Geologist 

Comments 

Samples Collected 
Lithographic Description or Other Tests 

Performed 

n W 

2 

4 

OL-CL, 
SC 

GC 

sc 

0.0-1.25'. 
GRAVELLY SANDY CLAY: duskv brown (5 YR 2/21: 
organic clay (OL-CL) and altiviun cscj; son&&; 
fine-grained sand, moderately sorted, subrounded, 
gravel ranging from fine-graded to very coarse- 
graded with small cobbles and small boulders; 
roots to 0.8'; firm; moist. 
Uavy sharp contact at 1.25'. 

1.25-2.25'. 
GRAVELLY SANDY CLAY: moderate brown (5 YR 4/41; 
alluviun (GC); some very fine-grained sand; 
moderately well sorted, subrounded gravels ranging 
from very fine-graded to coarse-graded pebbles 
with trace of small cobbles to small boulders; 
firm and slightly plastic; intense coloration; 
moist to wet. 

2.25-3.0'. 
SANDY CLAY: light brown (5 YR 5/6); alluviun 
(SC); fairly well sorted, subangular, fine-grained 
to medimgrained sand; poorly sorted subrounded 
gravel ranging from fine-graded to very coarse- 
graded pebbles with occasional small to large 
cobbles; friable to firm; moist. 

3 . 0 - 4 . 0 ' .  
SANDY CLAY AND GRAVEL: mottled and intense 
coloring of reds, yellows, browns and olive gray; 
allwiun (SC); poorly sorted, subangular, fine- 
grained to coarse-grained sand; poorly sorted 
subrounded gravel ranging from fine-graded to very 
coarse-graded pebbles with sane small cobbles to 
small boulders; firm; moist. 

TOTAL DEPTH = 4.0 '  

No readings over 
background with HNu. 

0.5' SAMPLE: 
USF1001 

1.7' SAMPLE: 
USF 1002 

3.5' SAMPLE: 
USF 1004 



L O G  OF TEST PIT 

Test Pit No. wsF1l Location Rocky Flats Plant; West Spray Field e 
Coordinates N 35625.92 E 13797.28 

Total Depth 4.9' 
Date Logged May 5 *  1988 

Excovation Method Backhoe 

Ground Surface Elevation 6' 26.33' 
Water Level Encountered ' .3' 
Checked By 

Site Manager 

Logged By KD Holliway 
Geologist 

Comments 

Samples Collected 
Lithographic Description or Other Tests  

Performed 

0 

2 

4 

6 

8 

0 

0.0-1.31. 
GRAVELLY SANDY CLAY: dusky brow (5 YR 2/21: 
organic clay (OL-CL) and allwiun (SC); sane very 
fine-grained sand uith trace mediun-grained sand; 
moderately sorted, subrounded gravel ranging from 
trace fine-graded pebbles with mostly mediun- 
graded to very coarse-graded pebbles uith 
occasional small and large cobbles; roots to 
awroximately 0.8l; firm; moist. 
Irregular and wavy sharp contact at 1.31. 

1.3-3.0'. 
CLAYEY SANDY GRAVEL: moderate broun (5 YR 4/41 
uith varied intense red and broun staining; 
alluviun (GC); moderately sorted, subangular fine- 
grained to coarse-grained sands; poorly sorted, 
subrounded; trace fine-graded to mediun-graded 
pebbles with mostly coarse-graded pebbles with 
mostly coarse-graded pebbles to large cobbles uith 
occasional small boulders; firm to highly plastic; 
moist to saturated. 
Gradational contact 3.0-3.4'. 

3.4-4.9'. 
SANDY CLAYEY GRAVEL: moderate yellouish broun (10 
YR 5/41 and yellowish gray (5 Y 7/21 uith varied 
intense yellow and red staining; alluviun (GC); 
poorly sorted, subangular and subrounded, fine- 

. grained to very coarse-grained sand, friable; 
clays have moderately sorted fine-grained to 
mediun-grained sands; poorly sorted subrounded 
gravel ranging from fine-graded pebbles to small 

. cobbles and small boulders; plastic; firm; mist 
to wet. 

TOTAL DEPTH = 4.9l 

No readings over 
background uith HNu. 

0 . S 1  SAMPLE: 
USFllOl 

2.01 SAMPLE: 
USF1102 

&.Si SAMPLE: 
USFll05 



LOG OF TEST PIT 

Locotion Rocky Flats Plant; West Spray Field 

Total Depth 4.5' 

Cate Logged 5, 19a8 
Excavation Method Backhoe 

Coordinates N 35639.86 E 13457.88 
Test Pit No. wsF12 

Ground Surface Elevation s133.03' 

Water Level Encountered 3.2'  
Checked By 

Site Manager 

Logged By KO Holliway 
Geologist 

Comments 

Samples Collected 
Lithographic Description or Other Tests 

Performed 

A 
U 

6 

8 

IO 

0.0-1.3'. 
GRAVELLY CLAY: dusky brown (5 YR 2/2): oraanic 
clay (OL-CL); sane very fine-grained tb &iun- 
grained sand: poorly sorted subrounded gravel 
ranging from very fine-graded pebbles to small 
cobbles; slightly firm to friable; moist to danp. 
Uavy sharp contact at 1.3'. 

SANDY CLAY AND GRAVEL: moderate brown (5 YR 4/4); 
allwiun (GC); poorly sorted subangular and 
subrounded very fine-grained to coarse-grained 
sand; moderately to poorly sorted, subrwnded 
gravel ranging from fine-graded pebbles to small 
boulders; sane pockets of clay with little sand; 
plastic; firm; moist. 
Gradational Contact. 

3.2-4.5'. 
CLAYEY SAND AND GRAVEL: moderate yellowish brown 
(10 YR 5/4) and light brown (5 Y 5/61; allwiun 
(GO; moderately well sorted, subangular and 
subrounded, mediun-grained to coarse-grained sand 
with trace of clay; poorly sorted, subrounded 
gravel ranging from mediun-graded pebbles to smell 
boulders; loose to firm; no cementation; 
saturated. 

TOTAL DEPTH = 4.5' 

1.3-3.2'. 

~~~ ~ 

No readings over 
background ui th HWU. 

0.5' SAMPLE: 
USFlZOl 

2 . 0 '  SAMPLE: 
USF1202 

L.0' SAMPLE: 
USF1205 
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APPENDIX D 

This appendix contains analytical data for the West Spray Field Area. The 

appendix is presented in the following order: 

0 Appendix D-1: Soils Analytical Data 
0 Appendix D-2: Ground-Water Analytical Data 

0 Appendix D-3: Ground-Water Analytical Data 
Alluvial Wells 

Bedrock Wells 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 

ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 
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SOILS ANALYTICAL DATA 
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GROUND-WATER ANALYTICAL DATA 
ALLUVIAL WELLS 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 



VOLATILE ORGANICS 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 



- 1 s 



D I 

P 



g 
f 
I 
N 



m 
P 
.a 
Y 

2. 
- 

e -  
m L 4  
w 
3 %  

I 

o r  
.d 

c c l  
e a  



0 - 0 0  3 -  



3 

Ll. 



N I 11 

I 

a 

.3 

3 :  

"-9.n.n 





RADIONUCLIDES 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCXY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 





m 
CI 
II 
W 
U 
a 
* 
4 
P P 
m 
ti 
8 
5 

4 
a 
a 
PI 
U 
h 
L 
c, 
m .* 
0 

c 
0 
0 .* 
W 
5 er 
L 

c, 
c 
6 
4 
a 

c, 
6 
4 
b 
R 
Y 
0 
0 

m 

ct  
c, 
6 

m 
c, 
d 

C 
3 

U 
Q 

4 
J 
M 
Q 
P 

i 
3 

c I /  



0 - ?. 

c 
-7 c . 

8 

3 

w 

0. m 

3 

o c  a a  
x u  

2 



CI 

k m  
J 

* 6  
4 . 4  a a  a 
O R  

Y 

W K  
3 

Y 
0 6  
J 

6 8  

a 4  m .rl 

a s  I Q C  

x u  
L a  
J i )  I 
m a  I 

L i 

E 
d 

0 I 



INORGANICS 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 



n 
L -  

m 

E. 



a 6  
a a  
v1 

a d  - . z 





v1 
P 
;1 
W 
I 

* r  
U 6  
a *  
a a  

a r  
6 

0 

c 4  
.H m 

f /  
c 

I 
51 
.- - 

u 
.d 

H c 

d 

E 
* 
r 
- 



METALS 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 

ROCKY FLATS PLANT, GOLDEN, C O L O W . 0  3 OCTOBER 1988 REVISION 1 APPENDIX D 



cn 
P 
;I 
w 
a 
F 
4 

a 
cn 
c 
cn 
ral 
3 

Ll 
0 
rr 

w 

a 

m 
J 

J 
al 
P 

In 

0 
J 
w z 
L 
QI 
4 
m 
3 
0 
C 
J 
0 

u 

I 

m 

4 

I 

I 
1 

I 

~ 

i 

I I 

I 

! 

s a  
L L  z 

a 
L 

c 
3 = c 

c - 

L 

e= 



- -  
0 0  

- 
0 

m r n  
i c  

I 

3- 



(O 
P 

0 4  
* I @  

3 
m + c  
4 0  - I  P 3 9 

z 

c 

i 

Y 



I n d 

I -  
.- - 



a 
r n x  

m m  
4 4  



0 4  
L a  

3 
m r  I 



APPENDIX D-3 

GROUND-WATER ANALYTICAL DATA 
BEDROCK WELLS 

WEST SPRAY FIELD CLOSURE CHARACTERJZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 



VOLATILE ORGANICS 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 



cn 
P .a w 

P 
a 
cn K 

P 
I 

m 
4 
a 
3 
t, 

x 
L 
0 
*, 

-* 
u 
0 
P - 
al 
3 
-* 
ci 
0 
P .e 

E 
B 
M 
L - 4 

4 
B 

01 

9, 
3 

c 

3 

r 

9, 

4 
PI 
0 
5 

- ." 
- 

I 0 



5 I 

s. I 

L 
d m  

L 
u I 

4 

i t  



Y 
L 

L 
I 

3 -  

"- 
I 

> 
r 



m a  
0 1 3  
a s  

L 

O 2  
0 1 d  

- 0 1  .- 3 

x 



RADIONUCLIDES 

WEST SPRAY FIELD CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION 1 APPENDIX D 



cl 
C 
6 

m d  
c l a  

0 6  
0 
. r m  
Q c i  
6 ’6 
a c  

a 

s 
c, 
c .  

C .  



APPENDIX E 

1986 ANALYTICAL DATA 

BUFFER ZONE, AND INTERCEPTOR TRENCH 
PUMP HOUSE 

SOLAR PONDS 207B-NORTH, WEST SPRAY FIELD, 
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APPENDIX 1 

ROY F.  WESTON, INC. 
LABORATORY TEST RESULTS 

SOLAR PONDS 207-A AND 207-B NORTH 
WEST SPRAY FIELD, 

BUFFER ZONE AND INTERCEPTOR 
TRENCH PUMP HOUSE 
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INTRODUCTION 

T h e  r e s u l t s  p r e s e n t e d  h e r e i n  are  f o r  s a m p l e s  f rom S o l a r  

E v a p o r a t i o n  Ponds  207-A and 2 0 7 - B  N o r t h ,  west s p r a y  f i e l d ,  

b u f f e r  zone and i n t e r c e p t o r  t r e n c h  pump house c o l l e c t e d  i n  

A p r i l  and May 1 9 8 6  and r e s a m p l i n g  o f  t h e  i n t e r c e p t o r  t r e n c h  

pump house i n  August 1986.  

T h e  s a m p l e s  are g e n e r a l l y  d e s i g n a t e d  b y  a t h r e e  c h a r a c t e r  

code.  T h e , l a s t  c h a r a c t e r  d e s i g n a t e s  t h e  a n a l y t i c a l  sample  

c o d e  as shown i n  T a b l e  A. The  r e m a i n i n g  p o r t i o : n  o f  t h e  

c o d e s  are as f o l l o w s :  

S o i l s  and Sediment -- 

S a m p l e s  f r o m  t h e  b u f f e r  z o n e  and west s p r a y  f i e l d  a r e  

d e s i g n a t e d  b y  a t h r e e  c h a r a c t e r  c o d e .  T h e  f irst c h a r a c t e r  

o f  t h e  c o d e  i n d i c a t e s  t h e  c o m p o s i t e  s a m p l e  number ,  1 ,  2 o r  

3.  T h e  s e c o n d  c h a r a c t e r ,  A ,  B o r  C f o r  t h e  b u f f e r  z o n e  o r  

D ,  E o r  F f o r  t h e  s p r a y  f i e l d ,  i n d i c a t e s  t h e  s a m p l e  d e p t h ,  

surface, 0 t o  6 i n c h e s  o r  6 t o  1 2  i n c h e s ,  i n  o r d e r .  

F o r  s e d i m e n t  from t h e  i n t e r c e p t o r  t r e n c h  pump house t h e  f i rs t  

c h a r a c t e r ,  S ,  i n d i c a t e s  a s e d i m e n t  s a m p l e .  Tho s e c o n d  



C07890010526 

Sample 
Type 
Soil/ 
Sediment 

Water 

Date: November 28, 1986 
Revision No. : 0 

TABLE A 

ANALYTICAL SAMPLE CODE 

Code 

1 
2 

3 

4 

5 

1 

2 

6 

7 

Designation 

Volatiles 
Semi-Volatiles 

Metals and Cyanide 
-a 

RCRA Waste Characteristics 

Radiochemistry 

Volatiles 

Semi-Volatiles 

Metals 

Cyanide 

Phenolics 

RCRA Waste Characteristics 

Radiochemistry 

8 Tritium 

2 
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character, A or B, indicates the initial or duplicate 

sample, respectively. In the resampling, the sample code 

has a prefix of ITPH. 

Sediment from Pond 207-A is designated with a 207-A prefix and 

three character code. The first character, S, indicates a 

sediment sample. The second character, A, B or C indicates 

the location, north, center or south end, respectively, 

along the west side of the pond. 

j. 

Water - 

F o r  the interceptor trench pump house water sample the first 

character, L, indicates a liquid sample. The liquid was 

sampled in triplicate, A, B or C, designated by the second 

character. The zero or 0 second character indicates the 

field blank sample. In the resampling, the sample code has 

a prefix of ITPH. 

The 207-Apond water is designated by a prefix of 207Aanda 

two character code. The first character, A, B or C, 

indicates the sample location, north, center or south end, 

respectively, along the west side of the pond. 
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The 2 0 7 - B  N o r t h  pond water is d e s i g n a t e d  by a p r e f i x  2 0 7 B  

and a t w o  c h a r a c t e r  c o d e .  The f i r s t  c h a r a c t e r  o f  t h e  code 

is t h e  same as d e s c r i b e d  f o r  t h e  2 0 7 - A  pond samples.  

4 



NR - 
11 - 
u -  
E -  

S 
R -  * -  
+ -  

- 

EXPLANATION FOR ANALYSES DATA PACKAGE 

Not required by contract a t  this time 
T h e  result is a value greater than or equal to the instrument detection 
limit but less than the contract required detection limit. 
Indicated element was analyzed f o r  but not detected. Report with the 
detection limit value (e.g., IOU). 
Indicates a value estimated or not reported due to the presence of 
interference. Explanatory note included on cover page. 
Indicates value determined by Method o f  Standard Addition. 
Indicates spike sample recovery is not within control limits. 
Indicates duplicate analysis is not within control limits. 
Indicates the correlation coeff icient  for  method o f  standard addition is 
less than 0.995. 
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Solar Pond 207A liquor 

V 0 LA T I LE C 0 M P 0 U Y D S 

Sample Numbers 

A 1  81 C1 Compound uq/ 1 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Ace'tozeT- 
%arbon Disulfide 
1,l Dichloroethene 
1,l Dichloroethane 

Chlorof o m  
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1 , 2  Dichloropropane 
Trans-l,3-Dichloropropene 
Trichloroethene 

.+L Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 

--2-Chloroethylvinylethes 

-. Trans-1,2- Dichloroethene 

- cis-1,3-Dichloropropene 

;--- Bromoform 
4-Methyl-2-Pentanone 
2 -Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes -- 

,a 
. .  - 

lO0OU 
lO0OU 
lO0OU 
lO0OU 
500U 
f260J 
500U 
500U 
500U 
500U 
500U I 

500U 
lO0OU 
500U 
500U 
lO0OU 
500U 
500U 
500U - 

500U 
500U 
500U 
500U 
500U 
lO0OU 
500U 
lO0OU 
lO0OU 
500U 
500U 
5oou 
500U 
500U 
500U 
500U 

l0OU 
l0OU 
l0OU 
l0OU 
SOU 

flOOJ 
5 OU 
50U 
50U 
sou 
50U 
5 OU 
l0OU 
50U 
SOU 
l0OU 

5 OU 
50U 
5 OU 
5 OU 
SOU 
SOU 
50U 
50U 
l0OU 

5 ou 
l0OU 
l0OU 
50U 
5 OU 
5 OU 
5 OU 
50U 
5 OU 
5 OU 

NA 

U - indicates that compound was analyzed for but not detected. 
The number associated with the letter u is the minimum detection 
limit attainable for the sample. 

J - indicates an estimated value. 

1 



Solar Pond 2072, Sediments 

VOLATILE COMPOUNDS 

Sample Number 

- Compound uq/Kq SA1 S B 1  5c1 - 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methy1-e-m~ Chloride 

1,l Dichloroethene 
1,l Dichloroethane 
Trans-1,2- Dichloroethene 
Chloroform 
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
Trans-l,3-Dichl~ropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromof o m  
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

, Acetone -- 1- 
-Carbon Disulfide 

3 6 0 0 U  
3 6 0 0 U  
3 6 0 0 U  
3 6 0 0 U  
1 8 0 0 U  

* 4 6 8 0  
1 8 0 0 U  
1 8 0 0 U  

** 1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
3 6 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
3 6 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
3 6 0 0 U  
1 8 0 0 U  
3 6 0 0 U  
3 6 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  
1 8 0 0 U  

3 6 U  
3 6 U  
3 6U 
3 6 U  
1 8 U  

* 5 J B  
1 8 U  
1 8 U  

1 8 U  
1 8 U  
1 8 U  
3 6 U  
1 8 U  
1 8 U  
3 6 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  
3 6 U  
1 8 U  
3 6 U  
3 6 U  

*200B 
1 8 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  
1 8 U  

i a u  

4 0 0 0 U  
4000u 
4000u 
4000u 
2 0 0 0 u  

2 0 0 0 u  
2 0 0 0 u  
2 0 0 0 u  
2000u 
2 0 0 0 u  
2 0 0 0 u  
4000u 
2 0 0 0 u  
2 0 0 0 u  
4 0 0 0 U  
2 0 0 0 u  
2000u 
2000u 
2000u 
2 0 0 0 u  
2000u 
2 0 0 0 u  
2 0 0 0 u  
4 0 0 0 U  
2000u 
4 0 0 0 U  
4 0 0 0 U  
f1200JB 

2 0 0 0 u  
2 0 0 0 u  
2000u 
2 0 0 0 u  
2 0 0 0 u  
2000u 

* i 6 o o ~ a  

U - indicates compound was analyzed for but not detected. The 
number associated with the letter U is the minimum attainable 
detection limit f o r  the sample. 

J - indicates an estimated value. 
B - analyte was found in blank as well as the sample;.indicates 
possible blank contamination. 

. 

. *  

. 

1 



Solar Pond 207B l i q u o r  

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l Dichloroethene 
1,l Dichloroethane 
Trans-l,2- Dichloroethene 
Chlorof o m  
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-l,3-Dichloropropene 
2-Chloroethylvinylether 
Bromof o m  
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

1ou 
1ou 
1ou 
1ou 

“ 2 8 B  
1ou 
5u 
5u 
5u -a 

5u 
5u 
5’5 
LOG 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

1ou 
5u 
1ou 
1ou 
5u 
5u 
5u 
su 
5u 
5u 
5u 

VOLATILE COMPOUNDS 

Sample Numbers 

A1 B1 c1 01 Compound u g / l  

1ou 
1ou 
1ou 
1ou 
*35B 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
1ou 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
1 ou 
5u 
1ou 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

1ou 
1ou 
1ou 
1ou 

*19B 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
1ou 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
1ou 
5u 
1ou 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

10u 
10u 
1 ou 
IOU 

* 7 1 3  
IOU 
5u 
5u 
5u 
5u 
5u 
5u 
*20 
5u 
5u 

10u 
5u 
5u 
5u 
su 
su 
5u 
5u 
5u 

10u 
5u 

10u 
10u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

U - Indicates compound was analyzed for but not detected. 
number associated with the letter U is the minimum attainable 
detection limit f o r  the sample. 

B - Analyte was found in the blank as well as the sample: 
indicates possible blank contamination. 

The. 

1 



Interceptor Trench Pump House Water 

VOLATILE COMPOUNDS 

Sample Numbers 

Compound u g / l  LA1 LB1 LC 1 LO 1 
Chloromethane 

. Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l Dichloroethene 
1,l Dichloroethane 

1ou 
1ou 
1ou 
1ou 
*3BJ 
1 ou 
5u 
5u 
su _ -  

Trans-1,2- Dichloroethene 5U 
* 7 . T  . Ch 1 g-i-&f~-<-, -" 

"r-;-f- Dichlaroethane 5u 
2-Butanone 1ou 
l,l,l-Trichloroethane 5u 

Bromodichloromethane 5u 
1,2 Dichloropropane 5u 

Trichloroethene *7  
Dibromochloromethane 5u 
1,1,2-Trichloroethane 5u 

\ 

Carbon Tetrachloride-) * 7  
WiGf Acetate 1 ou 

Trans-1,3-Dichloropropene 5U 

Benzene *lJ cis-1,3-Dichloropropene 5U 
2-Chloroethylvinylether 1OU 
Bromof o m  5u 
4-Methyl-2-Pentanone 1ou 
2-Hexanone 1ou 
Tetrachloroethene 5u 

Toluene 5u 
Chlorobenzene 5u 
Ethylbenzene 5u 
Styrene 5u 
Total Xylenes 5u 

1,1,2,2-Tetrachloroethane 5U 

1ou 
1ou 
1ou 
IOU 

* l O B  
1ou 
5u 
5u 
5u 
5u 

*6  
5u 
1ou 
5u 

*6  
1ou 
5u 
5u 
5u 

5u 
5u 
5u 
5u 
1ou 
5u 
1 ou 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

* 8  

1ou 
1ou 
1ou 
1ou 
*14B 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
1ou 
5u 

* 7  
1ou 
5u 
5u 
5u 

5u 
5u 
5u 
5u 
1ou 
5u 
1ou 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

*8  

10u 
10u 
10u 
10u 

f99B 
10u 

51j 
5U 
5u 
5u 
3 5  
5u 

5u 
5u 

10u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
10u 
5u 
10u 
10u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 

*110 

U - Indicates compound was analyzed for but not detected. The 
number associated with the letter U is the minimum attainable 
detection limit f o r  the sample. 

J - Indicates an estimated value. 
B - Analyte was found in blank as well as the sample indicating 
possible blank contamination. 

1 



Interceptor Trench Pump House Sediments a 
VOWTILE COMPOUNDS 

Sample Numbers 

Compound ug/Kg SA1 5a1 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methy-le.ne Chloride 

,--Xcetone ,' 7~ 
LSarbon Disuf f ide 

1 , l  Dichloroethene 
1,l Dichloroethane 
Trans-1,2- Dichloroethene 
Chloroform 
1,2 Dichloroethane 
2-autanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-l,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

- 
/- 

1 7 U  
1 7 U  
1 7 U  
i 7 u  
*44B 
*23 

* 3 B J  
8 U  

8 U  
8 U  
8 U  

1 7 U  
8 U  
8 U  

1 7 U  
8 U  
8 U  
8 U  
35 
8 U  
8 U  
8 U  
8 U  

1 7 U  
8 U  

1 7 U  
1 7 U  

8 U  
8 U  
8 U  
8 U  
8 U  
8 U  
8 U  

eu 

1 6 U  
16U 
1 6 V  
16u 

*27a 
*47 

* 5 J B  
8 U  
8 U  
8 U  
8 U  
8 U  

1 6 U  
8 U  
8 U  

1 6 U  
8 U  
8 U  
8 U  

* 2 J  
8 U  
8 U  
8 U  
8 U  

16u 
8 U  

1 6 U  
1 6 U  

8 U  
8 U  

*7J  
8 U  
8 U  
8 U  
8 U  

U - Indicates compound was analyzed for but not detected. The 
number associated with the letter U is the minimum detection 
limit attainable f o r  the sample. 

J - Indicates as estimated value. 

- - .*- 

B - Analyte was found in the blank as well as the sample 
indicating possible blank contamination. 

1 



Nest Spray Field - High Application Area Soils 0 
VOLATILE COMPOUNDS 

Composite 1 Sample ?lumbers 

surface scrape 0-6" 6-12'' 
ug/ Kg 1D1 1El 1F1 Compound 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1 , l  Dichloroethene 
1,1 Dichloroethane 
Trans-l,2- Dichloroethene 
Chloroform 
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
aromodichloromethane 
1 , 2 Dichloropropqne 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

12u 
12u 
12u 
12u 

*36B 
12u 
6U 
6U 
6U 
6U 
6U 
6U 
12u 
6U 
6U 
12u 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
12u 
6U 
12u 
12u 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

13U 
13U 
13U 
13U 
*37B 
13U 
6U 
6U 
6U 
6U 
*2J 
6U 
13U 
6U 
6U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
13U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

i. 

12u 
12u 
12u 
12u 

*33B 
12u 
6U 
6U 
6U 
6U 
6U 
6U 
12u 
*2J 
6U 
12u 
6U 
6U 
6U 
6U 
6U 
*2J 
6U 
6U 
12u 
6U 
12u 
12u 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

U - Indicates compound was analyzed for but not detected. The 
number associated with the letter U is the'minimum attainable 
detection limit for the sample. 

J - Indicates an estimated value. 
B - Analyte was found in blank as well as the sample indicating 
possible blank contamination. 

I 



West Spray Field - High Application A r e a  Soils 

VOLATILE C O M P O U N D S  

Composite 2 - Sample Numbers 
sur face  scrape 0-6" 6-12" 

2D1 2E1 2c1 Compound uq/Kq 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l Dichloroethene 
1,l Dichloroethane 
Trans-1,2- Dichloroethene 
Chlorof o m  
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromof o m  
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

14U 
14U 
14U 
14u 

*29B 
*25B 
7u 
7u -A 

7u 
7u 
7u 
7u 
14u 
7u 
7u 
14u 
7u 
7u 
7u 
7u 
7u 
7u 
7u 
7u 
14U 
7u 
14u 
14U 
7u 
7u 

7u 
7u 
7u 
7u 

*21 

U - Indicates compound was analyzed 
number associated with the letter U 
detection limit for the sample. 

13U 
13U 
13U 
13U 

*70B 
*14B 
6U 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
6U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
13U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

12u 
12u 
12u 
12u 

"335 
6U 
*2J 
6U 
6U 
6U 

6U 
12u 
6U 
6U 
12u 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
12u 
6U 
12u 
12u 
6U 
6U 

6U 
6U 
6U 
6U 

* 2 7  

*7 

f o r  but not detected. The 
is the minimum attainable 

J - Indicates an estimated value. 
B - Analyte was found in blank as well as the sample indicating 
possible blank contamination. 

1 



West Spray Field - Eiigh Application A rea  S o i l s  

VOLATILE COMPOUNDS 

Composite 3 - Sample Numbers 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l Dichloroethene 
1,l Dichloroethane 
Trans-1,2- Dichloroethene 
Chloroform 
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

13U 
13U 
13U 
13U 
*34B 
7u 
f2BJ 
7u -a 

7U 
7u 
7u 
7u 
13U 
7u 
7u 
13U 
7u 
7u 
7u 
7u 
7u 
7u 
711 
7u 
13U 
7u 
13U 
13U 
7u 
7u 

f2J 
7u 
7u 
7u 
7u 

surface scrape 0-6'' 6-12'' 
3E1 3F1 Compound ug/ Kg 301 

13U 
13U 
13U 
13U 

*33B 
6U 
*2BJ 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
6U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

13U 
6U 
13U 
13U 
6U 
6U 

6U 
6U 
6U 
6U 

* 4 3  

14u 
14U 
14u 
14U 
*29B 
*29 
* 2BJ 
7u 
7u 
7u 
7u 
7u 
14u 
7u 
7u 
14U 
7u 
7u 
7u 
7u 
7u 
7u 
7u 
7u 
14U 
7u 
14U 
14U 
7u 
7u 
7u 
7u 
7u 
7u 
7u 

analyzed U - Indicates compound was 
number associated- with the letter U 
detection limit f o r  the sample. 

J - Indicates an estimated value. 

f o r  but not detected. The 
is the minimum attainable 

B - Analyte was found in blank a s  v e l 1  as the sample indicating 
possible blank contamination. 



~ u f f e r  Zone s o i l s  e 
VOLATILE COMPOUNDS 

Composite 1 - Sample Numbers 
surface scrape 

Compound ug/Kq 1 A l  

Chloromethane 
Sromomethane 
Vinyl Chloride 
Chloroethane __ =\ Methylene Chlorxae ,/, 

(,-Acetone , 

Ca ~GFTDLZ~ZGG----~ 
1,1 Dichloroethene 
1,1 Dichloroethane 
Trans-1,2- Dichloroethene 
Chlorof o m  
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
?rans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromof o m  
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

1ou 
1ou 
1ou 
1ou 
5u 
1ou 
5u 
5u *- 

5u 
5u 
5u 
5u 
IOU 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
1ou 
5u 
1 ou 
1ou 
5u 
5u 
flJB 
5u 
5u 
5u 
5u 

0-6" 
1B1 

13U 
13U 
13U 
13U 
f46B 
13U * 
*3BJ 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
6U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
13U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

6-12" 
1c1 

1;u 
14u 
143 
15u 

* 3 9 3  
130 
*>a; 
7u 
7 3  
7u 
7u 
7u 

71' 
7u 
14u 
7U 
7u 
7u 
7'5 
7u 
7U 
7u 
7u 
14u 
7u 
14U 
14U 
7'c; 
7u 
*3J 
7u 
7u 
7U 
7u 

*61 

U - Indicates compound was analyzed for but not detected. T h e  
number associated with the letter u is the minimum attainable 
detection limit f o r  the sample. 

J - Indicates an estimated value. - \ i U  - s u- 
B - Analyte was found in blank as well as the sample indicating 
possible blank contamination. 

1 



auffer Zone Soils 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1, l  Dichloroethene 
1,l Dichloroethane 
Trans-1,2- Dichloroethene 
Chlorof o m  
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2 Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

VOLATILE COMPOUNDS 

Composite 2 - Sample Numbers 
surface scrape 0-6" 6-12" 

Compound uq/xq 2A1 2b1 2c1 
1ou 
1ou 
1ou 
1ou 
5u 

*10B 
5u 
5u 
5u 
5u 
5u 
5u 
1 ou 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
5u 
IOU 
5u 
1ou 
1ou 
5u 
5u 

*1JB 
5u 
5u 
5u 
5u 

13U 
13U 
13U 
13U 
*32B 
13U 
*2BJ  
6U 
6U 
6U 
6U 
6U 
13U 
6U 
6U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
13U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

-s 

NA 

U - Indicates compound was analyzed f o r  but not detected. The 
number associated with the letter U is the minimum attainable 
detection limit f o r  the sample. 

J - Indicates an estimated value. 
B - Analyte was found in blank as well as the sample indicating 
possible blank contamination. 

1 



Buffer Zone S o i l s  a 
VOLATILE COMPOUNDS 

composite 3 - Sample Numbers 
surface scrape 

Compound ug/Kg 3A1 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l Dichloroethene 
1,l Dichloroethane 
Trans-1,2- Dichloroethene 
Chlorof o m  
1,2 Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
I, 2 Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

1ou 
1cu 
1cu 
1cu 
SU 

*10B 
5u 
5u 
5u 
5u 
5u 
5u 
1ou 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
su 
5u 
5u 
5u 
1ou 
5u 
1ou 
1ou 
5u 
5u 
*1JB 
5u 
5u 
5u 
5u 

0-6" 6-12" 
3B1 3c1 

13U 
13U 
13U 
13U 

* 3 2 B  
13U 
*2BJ 

7iJ 
7u 
7u 
7u 
7u 

7u 
7u 
13U 
7u 
7u 
7u 
7u 
7u 
7u 
7u 
7u 
13U 
7u 
13U 
13U 
7u 
7u 
7u 
7u 
7u 
7u 
7u 

*20 

13U 
13U 
13U 
13U 

*28B 
*71 
6U 
6U 
6U 
6U 
6U 
6U 

6U 
6U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 
13U 
6U 
13U 
13U 
6U 
6U 
6U 
6U 
6U 
6U 
6U 

*26 

U - Indicates compound was analyzed for but not detected. The 
number associated with the letter U is the minimum attainable 
detection limit f o r  the sample. 

J - Indicates an estimated value. 
B - Analyte was found in blank as well as the sample indicating 
possible blank contamination. 

1 



Accu-Labs Research, Inc. 
I13S.5 \V. 4Sth Avenue iC'heat Ridyc.  Colorado 50033 
(303)  423-2766 

J u l y  16, 1986 
?age 1 o f  1 

Mr. Mark Selman 
Roy F. Weston 
938 Qua i l  S t reet  
Denver, CO 80215 

RE: 9299-21884-6 
Date Samples Rec 'd 5-7-86 
Project 2029-1 3-03-0 1 

ALR Designation 
Sponsor Des i gnat  i on 

De termi nat ion : pCi /L 

Gross Alpha, 
A counting error* 

Gross Beta, 
A counting e r ro r *  

P1 utonium-239, 
2 counting e r ro r *  

Amer i c i um-241, 
5 counting error* 

Uranium-233 + 234, 
f: counting e r ro r *  

Uranium-238, 
2 counting e r ro r *  

T r i  tium, 
t counting e r ro r *  

REPORT OF ANALYSIS 
5. 

9299-2 1884-6-5 
207A-87 

So l a r  Pond 
Depth = 4" 
5-7-86 

80000 t 6000 

40000 k 2000 

660 t 50 

45 A 14 

14000 t 1000 

21000 f 1000 

-- 

9299-2 1884-5-6 
207A-08 

S o l a r  ?ond 
Depth * 4 "  
5-7-86 

* Ya r i ab i l i  t y  o f  the radfoactive d f s i n teg ra t i on  process (counting e r ro r )  
a t  the 95% confidence l e ve l ,  1.960. 

BS'dh f& 

Bud Summers 
Rad1 ochemi s t r y  
Superv i so r  



A Accu-Labs Research. Inc. , ~. 

I1455 \C' 48th Abenue li'heai Ridyc.. Coiorado 50033 /A 1303) 423-2766 

July 1 7 ,  1986 
Page 1 o f  1 

M r .  Mark Selman 
Roy F. Ueston 
938 Qua i l  S t ree t  
Denver, CO 80215 

RE : 9299-2 1856-6 
Date Samples Rec 'd 5-1-86 
Pro j ec t 2029 - 1 3-0 3-0 1 

ALR Designation 
Sponsor Des ignat ion  

Determi nat ion  : pCi / L  

Gross A1 pha, d i  s s o l  ved, 
2 counting error* 

Gross Beta, di sso-lved, 
t counting e r ro r *  

Plutonium-239, d i s so l ved ,  
f counting error" 

Americium-241, d i s so lved,  
t counting error* 

Uranium-233 + 234, 
d i  s s o l  ved, 
t counting e r ro r *  

Uranium-238, d i s so l ved ,  
f counting error* 

Trit ium, t o t a l ,  
t counting e r ro r *  

REPORT OF a w x I s  
-a 

9299-21856-6-5 
207A-A7 

So la r  Pond 
Northwest 
5- 1-86 

46000 2 4000 

37000 2 2000 

84 2 16 

-2.2 2 3.5 

17000 2 1000 

22000 2 1000 

9299-2 1856-6-6 
207A-A8 

So la r  Pond 
Northwest 

5- 1-86 

* Va r i ab i l f t y  of the rad ioact i ve  d i s i n teg ra t i on  process (counting e r ro r )  
a t  the 9% confldence l e ve l ,  1 . 9 6~ .  

Radiochemistry 
Supervisor  
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J u l y  1 7 ,  1936 
Page 1 o f  1 

M r .  Mark Selman 
Roy F. Weston 
938 Qua i l  S t r e e t  
Denver, CO 80215 

RE:  9299-2 1890-6 
Date Samples Rec 'd  5-8-86 
P ro ject  2029-13-03-01 

REPORT OF ANALYSIS ,. 
ALR Des ignat ion  9299-2 1890-6-5 
Sponsor De s i gna t i on  207A-SB7 

So l a r  Pond 
Center Nest 

5-8-86 

Determination: pCi/g ( d r y )  

Gross Alpha, 
2 counting error* 

Gross Beta, 
+, counting e r ro r * ,  

P1 utonium-239, 
5 counting error* 

Ameri c i  um-24 1, 
2 counting error* 

Uranium-233 + 234, 
counting e r ro r *  

Uranium-238, 
2 counting e r ro r *  

Tr i t ium, 
2 counting e r ro r * ,  pCi/L 

A i r  D r y  Loss, Z 

fVa t i  a b i l  i t y  o f  the rad i  oact  
a t  the 95% conf idence l e v e l ,  

BS/dh du 

4700 2 

190 t 

3400 t 

1400 2 

180 2 

210 2 

-- -- 
ve d i s  
1.960. 

9299-2 1890-6-6 
207A- Si38 

So l a r  Pond 
Center West 

5-8-86 

zoo -- 
40 -- 
100 -- 
zoo -- 
20 -- 
20 -- 

2400 f 600 
78.3 

n teg ra t i on  proces s  (count ing  e r ro r )  

._---- - - .  R a d i o c h m i  s t r y  .-. 

superv i  sor 



J u l y  21,  1986 
?age  1 o f  1 

Mr. Mark Selman 
Roy 7 .  Neston 
938 Qua i l  S t ree t  
aenver,  CO 80215 

R E :  9299-21907-6 
Oate  Samples Rec'd 5-12-86 
P r o j e c t  2029-13-03-01 

CORRECTED R E P O R T  R E P O R T  OF ANALYSIS 

A L R  Des igna t ion  9299-2 1907-6-5 
Sponsor Des igna t ion  207A- SC7 

S o l a r  Pond 
SW Corner  

5-12-86 

De te rmina t ion :  pCi/g ( d r y )  

Gross Alpha, 
2 coun t ing  error? 

Gross Beta ,  
t coun t ing  e r r o r *  

21 utonium-239, 
2 coun t ing  e r r o r *  

Americium-241, 
2 coun t ing  error* 

Uranium-233 + 234, 
2 coun t ing  e r r o r *  

Uranium-238, 
2 coun t ing  error* 

T r i t i u m ,  
2 coun t ing  e r r o r * ,  pCi/L 

Air Dry Loss ,  X 

12000 * 1000 

1400 2 100 

1700 2 100 

3500 t 100 

120 2 20 

480 2 30  

-- 
75.7 

9299-2 1907-6-6 
207 A- SC8 

So l a r  Pond 
SW Corner  
5- 12-86 

* V a r i a b i l i t y  of the r a d i o a c t i v e  d i s i n t e g r a t i o n  p rocess  ( c o u n t i n g  e r r o r )  
a t  the 95% c o n f i d e n c e  level,  1.960. 

BS/dh dD- 
Radiochemi s t r y  
Supervi  sot= 



Accu-Labs Research, Inc.  
11 IS5 if' 4Srh Akenuc. Li'hrar Ridge.. Coiorado SO003 
(303) 423-2ih6 

J u l y  1 7 ,  1986 
Page 1 o f  1 

M r .  Mark Selman 
Roy F. Weston 
938 Quail S t reet  
Denver, CO 80215 

RE : 9299-2 1907-6 
Date Samples Rec 'd  5-12-86 
2 r o  jec t 2029 -1 3-0 3-0 1 

REPORT OF ANALYSIS 
-a 

ALR Des ignat ion 9299-2 1907-6-5 
Sponsor Des ignat ion  207A-SC7 

So l a r  Pond 
SW Corner 
5- 12-86 

D e t e n i n a t i o n :  pCi/g (d ry )  

Gross  Alpha, 

Gross Beta, 

P1 utonium-239, 

Americium-241, 

Uranium-233 + 234, 

Uranium-238, 

T r i t ium,  

k counting e r ro r *  12000 t 1000 

* counting e r ro r *  1400 k 100 

* counting e r ro r *  1000 c 100 .  

k counting e r ro r *  2100 c 100 

5 counting e r ro r *  71  k 10 

c counting e r ro r *  280 k 20 

f counting error * ,  pCi/L -- 
A i r  D r y  Loss, % 58.8 

9299-2 1907-5-6 
20 7 A- SC8 

S o l a r  Pond 
SW Corner 
5-12-86 

1500 k 600 -- 
* Y a r i a b i l i t y  of the r ad ioac t i ve  d i s i n t e g r a t i o n  process (counting e r ro r )  
a t  the 95% confidence leve l  , 1.960. 

BS'dh & 
Radi ochemi stry 
Supervi sor 
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Accu-Labs Research, Inc. 
I I.1S.5 LV. 4Sth t\venue ii’hcat Hidyc, Colorado SO033 0 (303) .123.2;66 

J u l y  1 7 .  1986 
?age 1 o f  1 

flr. Mark Selrnan 
Roy  F. Heston 
938 Quai l  Street 
Denver, CO 80215 

RE: 9299-21843-6 
Date Samples Rec’d 4-30-86 
?to ject 2029-13-03 

REPORT OF ANALYSIS 

ALR Designation 929 9-2 18 4 3- 6 -2 929 9 -2 18 4 3- 6-4 929 9 -2 i a  4 3- 6 -6 
Sponsor Designation 2078-87 2078-C7 2075-07 

So l a r  Pond So lar  Pond Solar  Pond 
North (Central 1 North (Central ) North (Central 1 

4-30-86 4-30-86 4-30-86 

Determination: pCi/L 

Gross A1 pha, di  ssol ved , 
2 countinq error+- 93 f 60 74 ,+ 58 16 5 4 1  

Gross Beta; d i s so lved,  

P1 utonium-239, di  5s. , 

Americium-241, di ss. , 

Uranium-233 + 234, 

Uranium-238, d i s so lved,  

* Va r i ab i l i t y  of the radioactlve d i s i n teg ra t i on  process (counting error )  
a t  the 95% confidence l eve l ,  1 . 9 6~ .  

5 counting error *  25 f 89 100 f 92 -21 5 a4 

5 counting error*  -0.02 f 0.11 -0.03 -+ 0.06 0.05 -+ 0.07 

5 counting error*  0.08 t 0.08 -0.02 t 0.04 0.08 5 0.22 

disso lved,  
2 counting error*  5 1  i 2 53 t 2 0.10 2 0.24 

f counting error*  32 r 1 33 f t -0.10 t 0.21 

Radiochemistry 
Supervi sor 
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A Accu-Labs Research. Inc .  

June 19, 1986 
Page 1 o f  1 

M r .  Mark Selman 
Roy F. Weston 
938 Quail S t r e e t  
Denver, CO 80215 

RE: 9299-21732-9 
Date Samples Rec’d 4-14-86 
P ro ject  2029 - 1 3-0 3 

REPORT OF ANALYSIS 

ALR Oes ignat ion  9299-2 17 32-9-3 
Sponsor De s i gna t i on  1A5 (EZ) 

Composite 1 
Surface Scrape 

Determination: pCi/g (d ry )  

Gross Alpha, 
2 counting e r ro r *  

Gross Beta, 
2 counting e r ro r * -  

PI utonium-239, 
2 counting e r ro r *  

Americi um-241, 
counting e r ro r *  

Uranium-233 + 234, 
2 counting error* 

Urani um-238, 
2 counting error* 

T r i  tiurn, 
2 counting e r ro r * ,  
pC i  /ml 

A i r  Dry Loss, X 

67 +- 17 

55 f 7 

0.10 t 0.20 

-0.02 t 0.03 

1.1 +- 0.2 

0.89 t 0.20 

0.09 2 0.23 
24.8 

9299-21732-9-6 
2A5 (EZ) 

Composite 2 
Surface Scrape 

7 1  f 18 

50 2 7 

0.02 t 0.10 

-0.02 2 0.03 

1.2 f 0.2 

1.2 2 0.2 

0.02 t 0.22 
21.9 

9299-2 1732-9-9 
3A5 (BZ) 

C a p o s i t e  3 
Surface Scrape 

75 +- 18 

56 2 7 

0.02 2 0.21 

0.00 2 0.05 

1.4 2 0.2 

1.2 2 0.2 

-0.05 2 0.22 
22.5 

* V a r i a b i l i t y  o f  the rad ioact i ve  d i s i n t e g r a t i o n  process  (counting error) 
a t  the  95% conf idence l e v e l ,  1.960. 

BS’dh & 
Radiochemistry 
Superv i  sor 



A Accu-Labs Research, Inc. 

June 10, 1986 
Page 1 o f  1 

Mr. Mark Selman 
Roy F. Meston 
938 Qua i l  S t ree t  
Denver, CO 80215 

RE: 9299-21755-9 
Date Samples Rec'd 4-17-86 
Project 2029-13-03 

REPORT OF ANALYSIS 

ALR Designation 9299-21755-9-3 9295-21755-9-6 9299-21755-9-9 
Sponsor Designation 305 Corn. 3 3E5 Corn. 3 3F5 Corn. 3 

West Spray F i e l d  West Spray F i e ld  Nest Spray F i e l d  
0-6 " d e p t h Surface Scrape 6- 1 2 " d e p t h 

Determination: pCi/g (dry)  

Gross Alpha, 
f counting e r ro r *  

Gross Beta, - 

t counting e r ro r *  
P1 utonium-239, 
f counting error** 

Americium-241, 
t counting e r ro r *  

Uranium-233 + 234, 
f counting error*  

Uranium-238, 
f counting e r ro r *  

Trit ium, 
t counting error*, 
pCi /ml 

A i r  Dry Loss, % 

40 f 14 

34 f 6 

0.04 ?r 0.20 

0.02 ?: 0.06 

1.2 t 0.2 

0.90 f 0.20 

0.39 f 0.23 
20.7 

32 5 13 

29 f 6 

0.14 2 0.21 

0.04 2 0.06 

1.0 f 0.2 

0.82 f 0.18 

0.11 t 0.23 
19.4 

3 1  t 13 

29 t 6 

0.01 t 0.21 

-0.02 2 0.03 

0.83 t 0.19 

0.82 t 0.19 

0.21 f 0.23 
67.7 

* V a r i ab i l i t y  o f  the radioact ive d i s i n teg ra t i on  process (counting e r ro r )  
a t  the 95% confidence l eve l ,  1.960. 

Radiochemistry 
Supervi sor 
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June 10, 1986 
Page 1 o f  1 

Mr. Mark Selman 
Roy F.  Weston 
938 Qua i l  S t ree t  
Denver, CO 80215 

RE: 9299-21745-9 
Date Samples Rec'd 4-16-86 
Project  2029 - 13-0 3 

REPORT OF ANALYSIS 

ALR Designation 9299-2 1745-9-3 9299-2 17  45-9-6 9299-2 1745-9-9 
Sponsor Des ignat ion 2DS Corn. 2 2E5 Corn. 2 2F5 Com. 2 

Determination: pC i l g  ( d r y )  

Gross  Alpha, 

Gross  Beta, 

P1 utonium-239, - 

Americium-241, 

Uranium-233 + 234, 

Uranium-238, 

Tr i t ium, 

2 counting e r ro r *  55 2 15 

2 counting e r ro r *  37 2 6 

2 counting error * *  0.15 2 0.21 

f: counting e r ro r *  ' 0.01 2 0.06 

2 counting error *  1.0 2 0.2 

2 counting e r ro r *  1.1 2 0.2 

2 counting error * ,  
pCi /ml 0.11 2 0.23 

A i r  Dry Loss, Z 27.4 

43 t 14 

34 t 6 

0.03 t 0.19 

0.05 f 0.08 

0.74 2 0.18 

1.0 t 0.2 

-0.09 f 0.22 
24.0 

20 f 11 

29 f 6 

0.04 f 0.20 

-0.02 ?: 0.03 

0.73 f 0.16 

0.84 f 0.20 

-0.08 0.22 
18.2 

* V a r i a b i l i t y  o f  the rad ioact i ve  d i s i n teg ra t i on  process (counting e r ro r )  
a t  the 95% confidence l e v e l ,  1.960. 

@A- ud Summers 

BS'dh & 
Radi ochemi s t r y  
Superv i so r  
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Accu-Labs Research, Inc .  
! IJS5 ii'. JSth r \ \ c n u c  LC'heai Ridgc. Color'ido bo033 
(303)  423-2766 

June 26, 1986 
?age 1 o f  1 

Mr. Mark Selman 
Roy F. Weston 
938 Qua i l  S t reet  
Denver, CO 80215 

RE: 9299-21884-6 
Date Samples Rec 'd  5-7-86 
? ro ject  2029-1 3-0 3-0 1 

REPORT OF ANALYSIS 

ALR Des ignat ion 9295-2 1884-6-1 -2 9299-2 1884-6-3 
Sponsor Des ignat ion 2 0 7 ~  3 207A-85 

So l a r  Pond So l a r  Pond 
Depth = 4 "  Oepth = 4"  

5-7-86 5-7-86 
Determination: p g / L  

Aluminum, total  
Antimony, total  
Arsen ic,  tota l  
Barium, tota l  
Beryl  1 i um, total  
Cadmium, tota l  
Cal ci urn, total  
Chromium, tota l  
Cobal t, tota l  
Copper, to ta l  
I r on ,  tota l  
Lead, tota l  
Magnesium, tota l  
Manganese, tota l  
Mercury, tota l  
N i cke l ,  tota l  
Potassium, tota l  
Selenium, tota l  
S i l v e r ,  tota l  
Sodium, tota l  
Thal 1 i urn, tota l  
T in ,  to ta l  
Vanadfum, tota l  
Z inc ,  tota l  
Phenol s 

2640 
600U 
150 
200u 
43 
70 

[a801 
16700 
200 
1800 
1600 
sou 

C 16 SO] 
115 
0.2 
1900 
14,300,000 
sou 
37 0 
42,900,000 
l0OU 
13000 
100 
780 -- 

Supervf sor 
- 
CCidh & 



Accu-Labs Research, Inc. 
I l l S 5  ti'. 4 6 t h  A\c*nuc tClheai Ridge. Coloratio 6003.3 
(30.3) 423-1766 

June 2 6 ,  1986 
Page 1 of 1 

M r .  Mark Selman 
Roy F. Weston 
938 Quail S t reet  
Denver. CO 80215 

RE: 9299-21856-6 
Date Samples Rec 'd  5-1-86 
Project  2029-13-03 

REPORT OF ANALYSIS 

ACR Des ignat ion 9299-21856-6-1 
Sponsor Des ignat ion 207A-A3 

So l a r  Pond 
Northwest 

Determination: ug/L 

A1 umi num, total 
Antimony, total 
Arsen ic,  tota l  
Barium, tota l  
Beryl 1 i u m ,  tota l  
Cadmium, tota l  I 

Cal c i  urn, tota l  
Chromium, tota l  
Cobalt ,  total 
Copper, total 
I r o n ,  total 
Lead, total 
Magnesium, tota l  
Manganese, tota l  
Mercury, total 
N icke l ,  tota l  
Potassium, tota l  
Selenium, tota l  
S i l v e r ,  tota l  
Sodium, tota l  
Thal 1 i um, tota l  
T in ,  tota l  
Vanadium, total 
Zinc, tota l  

5-1-86 

2420 
600U 
150 
2oou 
27 
100 

C9901 
16 300 
200 
1610 

sou 
aooo 

[ 15401 
105 
0.2u 
1900 
13,200,000 
50U 
3 10 
36,300 , 000 
l0OU 
7000 
120 , 
620 

Phenol s -- 

9299-2 18 56-6-3 
207A-A5 

So la r  Pond 
Northwest 

5-1-86 

Water" Laboratory 
Supervi sor 



Accu-Labs R e s e a r c h ,  Inc. 
I1485 \.V 48th Avenue \.L'hPC11 Ridge. Colorado SO033 
(303) 423-2766 

June 26, 1986 
Page 1 o f  2 

-. -- 
Y r .  Mark Selrnan 
Roy F. Weston 
938 Quail S t reet  
Denver, CO 80215 

RE : 9299-2 1943-1 1 
Date Samples Rec 'd 5-15-86 
Project  2029-1 3-03-0 1 

REPORT OF ANALYSIS 

ALR Des ignat ion 9299-21943-1 1-< 
Sponsor Des ignat ion 207A-C3 

Sola r  Pond 
Southwest 

Determination: ug/L 

A1 umi num, total 
Antimony, tota l  
Arsen ic,  tota l  
Sarium, to ta l  
Beryl 1 i um, tota l  
Cadmium, tota l  
Cal c i  urn, tota l  
Chromium, tota l  
Cobalt, total 
Copper, tota l  
I r on ,  tota l  
Lead, tota l  
Magnesium, tota l  
Manganese, tota l  
Mercury, tota l  
N icke l ,  total 
Potassium, total 
Sel en i  urn, tota l  
S i l v e r ,  total 
Sodium, total 
Thal 1 i urn, total 
T in ,  to ta l  
Vanadf urn, total 
Z inc ,  to ta l  
Phenol s 

5-15-86 

2310 
600U 
lO0OU 
200u 
39 
150 

[7701 
13700 
500 
17 50 
1500 
sou 

C15401 
95 
0.2u 
2000 
14,300,000 
50U 
350 
38,500,000 
1 oou 
13000 
2 10 
690 -- 

929 9 -2 19 4 3- 1 1- 3 
207A-C5 

So l a r  Pond 
Southwest 
5-15-86 

-- 
14 



Accu-Labs Research, Inc.  

June 26, 1986 
Page 2 of 2 

Mr. Mark Selman 
Roy F. 'rieston 

RE: 9299-21943-11 
Date Samples Rec'd 5-15-86 
Project  2029- 13-03-0 1 

R E P O R T  OF ANALYSIS 

A L R  Designation 9299-2 1943-1 1-7 9299-21943-1 1-8 
Sponsor Designation 207A-03 207A-05 

S o l a r  Pond Solar Pond 
Southwest Southwest 
5- 15-86 5- 15-86 J 

Determination: Vg/L 

A1 u m i  num, to t a l  
Antimony, to ta l  
Arsenic, to ta l  
Barium, to ta l  
Beryl 1 i urn, t o t a l  
Cadmium, to ta l  
Cal ci um, to t a l  
Chromium,  t o t a l  
Cobalt, to ta l  
Copper,  to ta l  
I ron,  to ta l  
Lead, to ta l  
Magnesium, t o t a l  
Hanganese, t o t a l  
Mercury, to ta l  
Nickel, to ta l  
Potassium, t o t a l  
Selenium, t o t a l  
Silver, t o t a l  
Sodium, to ta l  
Thal 1 i urn, to ta l  
T i n ,  total 
Vanadium, total 
Zinc, t o t a l  
Phenol s 

CC'dh & 

2oou 
60U 
1ou 
200u 
5u 
5u 

[4401 
5u 
20u 

C7  1 
1901 
1 1  

1991 
5u 
0.2u 
20u 
Ill4301 
5u 
5u 
15400 
lOlJ 
4, .! 
5u 
57 -- 

Water" Laboratory 
S u p e r v i  sor 



Accu-Labs R e s e a r c h ,  Inc.  
IlJS5 \\I. 4Sttr A\x,nur {('heat Kidqc. Colorado SO033 
(303) 423-2766 

June 27, 1986 
Page 1 of 1 

M r .  Mark Selman 
Roy F. Weston 
938 Quail S t ree t  
Denver, CO 80215 

RE: 9299-21870-8 
Date Samples Rec 'd  5-6-36 
Project  2029 -1 3-0 3 

REPORT OF ANALYSIS 

ALR Des ignat ion 9299-2 1870-8-1 
Sponsor Des ignat ion  207A-SA3 -- 

So la r  Pond 
"rl Corner 
5-5-86 

Determination: rng/kg dry  wt. 

A 1  umi num, tota l  
Antimony, total 
A r sen ic ,  tota l  
Barium, total 
Sery l l i um,  tota l  
Cadmi um, tota l  
Cal c i  um, tota l  
Chromium, tota l  
Cobalt, tota l  
Copper , tota l  
I r o n ,  tota l  
Lead, to ta l  
Magnesium, to ta l  
Manganese, tota l  
Mercury, total 
N ickel  , tota l  
Potassium, to ta l  
Selenium, tota l  
S i l v e r ,  total 
Sodium, to ta l  
Thal li urn, tota l  
T in ,  total 
Vanadium, to ta l  
Z inc ,  to ta l  
Phenol s ,  to ta l  

CC/dh de-. 

11 300 
250U 
3 23 
833Ll 
3 09 
1110 
2 4  la0  
1010 
a3ii 
425 
3590 
55 
20400 
15 3 
7.5 
124 
59000 
2 lLl 
153 
1s 4000 
42U 
167U 
208U 
248 -- 

A A 

9299-21870-8-3 
207 A- SA5 

So la r  Pond 
NW Corner 

5-5-86 

Supervi sor 



Accu-Labs Research, Inc. 
1 I4S5 LV. JSih Avenue Li'heat Hidye. Colnrado 50033 
(.in31 -1s~~ 

June 2 7 ,  1986 
? a g e  1 of 1 

Xr. Mark Selman 
2oy F. Sieston 
938 Quail  S t r e e t  
Denver, CO 80215 

R E  : 9299-2 1890-6 
Date Samples Rec'd 5-8-86 
P ro j e c  t 2029-1 3-03-0001 

R E P O R T  OF ANALYSIS 

A L R  Designation 9299-21890-6-1 9299-2 1890-6-3 
Sponsor Designation 2 0 7 A- S B 3 Z O ~ A - S ~ ~  

Solar Pond Solar Pond 
Center West Center West 

5-8-86 5-8-86 

Determination: rng/kg d r y  wt. 

A 1  umi num,  to ta l  
Antimony, to ta l  
Arsenic, to ta l  
Sarium, t o t a l  . 
Beryllium, t o t a l  
Cadmium, t o t a l  
Cal ci  urn, t o t a l  
C h r o m i u m ,  to ta l  
Cobalt ,  t o t a l  
Copper ,  to ta l  
I ron,  t o t a l  
Lead, t o t a l  
Magnesium, t o t a l  
Manganese, t o t a l  
Mercury, t o t a l  
Nickel, to ta l  
Potassium, t o t a l  
Selenium, t o t a l  
S i  1 ver , t o t a l  
Sodium, t o t a l  
Thallium, t o t a l  
T i n ,  t o t a l  
Vanadium, t o t a l  
Zinc, t o t a l  
Phenol s, t o t a l  

11000 
27 3U 
45u 
909 u 
668 
10500 
50000 
1500 
91u 
1590 
5550 
455 
21000 
59 5 
25 
1320 
50000 
23U 
19 1 
130000 
45u 
182U 
227u 
595 -_ 1.8U 

CC'dh dlrl 
Mate; Laboratory 
supervi SOf  



Accu-Labs Research, Inc. 
11455 43th Abenue  i t ’heat  Kidqe. Colorado hoo3.{ 
(303) 413-2766, 

June 30, 1986 
?age 1 of 1 

:If.  Mark Selman 
goy F. Neston 
938 Quail S t r e e t  
Denver, CO 80215 

RE: 9299-21907-6 
Date Samples Rec’d 5-12-86 
? r o j ec t 2029-1 3-0 3-0 1 

REPORT OF ANALYSIS 

ALR Designation 9299-2 1907-6-1 9299-21907-6-3 
Sponsor Designation 207 A- SC3 7- 207A-SC5 

Solar Pond S o l a r  Pond 
SW Corner 8’14 Corner 
5-12-86 5- 12-86 

Determination: m g l k g  d r y  ut. 

A1 umi n u m ,  to ta l  
Antimony, t o t a l  
Arsenic, t o t a l  
Barium, to t a l  
Beryl 1 i um, t o t a l  
Cadmi urn, t o t a l  
Cal cium, to t a l  
Chromi  um, t o t a l  
Cobal t ,  to t a l  
Copper,  t o t a l  
I r o n ,  t o t a l  
Lead, t o t a l  
Magnesium, to t a l  
Manganese, t o t a l  
Mercury, t o t a l  
Nickel, t o t a l  
Potassium, to t a l  
Selenium, to t a l  
Silver,  t o t a l  
Sodium, t o t a l  
Thal 1 i urn, t o t a l  
Tin, t o t a l  
Vanadium, t o t a l  
Zinc, t o t a l  
Phenols, t o t a l  

11900 
333u 
56U 
1 1  1ou 
1570 
1220 
19600 
19700 
lllU 
879 
6900 
142 
6110 
178 
10 
16 2 
65300 
26 U 
2 37 
166000 
5611 
22211 
27811 
2 27 -- 

‘Cathy6 Cairns 

CC’dh d.e- 
Water Laboratory 
Supervisor 



Accu-Labs Research, Inc .  
I lJS5 \V. 38rh A\,rnuc \\‘heat Ridge. Colorado SO033 
(303)  J33-2ih6 

June 12, 1986 
?age 1 of 1 

V r .  :.iark Selman 
?oy F. Neston 
938 Qua i l  S t r e e t  
Denver, CO 80215 

RE: 9299-21843-6 
Date Samples Rec’d 4-30-86 
? r o jec t  2029-13-03 

REPORT OF ANALYSIS 

AL!7 Des ignat ion  9299-21843-6-1 9.m-2 1843-6-3 9299-2 1843-6-5 
Sponsor De s i gna t i on  2078-83 2078-C3 2078-03 

S o l a r  Pond S o l a r  Pond S o l a r  Pond 
North  (Center)  North  (Center) North (Center)  

4-30-86 4-30-86 4-30-86 
Determinat ion:  pg/L 

A1 un i  num, to ta l  
Antimony, t o ta l  
A r sen i c ,  to ta l  
Barium, to ta l  
Sery l  1 i urn, t o ta l  
Cadmium, to ta l  
Cal c i  urn, to ta l  
Chromium, to ta l  
Coba l t ,  to ta l  
Copper, to ta l  
I r o n ,  tota l  
Lead, tota l  
flagnesiurn, to ta l  
Manganese, t o ta l  
Mercury, t o ta l  
N i c k e l ,  to ta l  
Potass ium, to ta l  
Se l  e n i  urn, total 
S i  1 ver,  to ta l  
Sodium, to ta l  
Tha l l  i urn, t o ta l  
Tin, to ta l  
Vanadium, to ta l  
Z i n c ,  to ta l  

200u 
60U 
1ou 
200u 
5u 
su 
187000 
5u 
20u 

C6 1 
20u 
5u 
67500 
5u 
0.2u 

C301 
62700 
9 

CS 1 
374000 
1ou 
400U 
50U 
su 

2 oou 
60U 
1ou 
220 
5u 
5u 
176000 

C9 1 
20u 
5u 
2ou 
su 
66400 
su 
0.2u 
2ou 
60500 
9 

C7 3 
36 3000 
1 ou 
400U 
sou 
5u 

200u 
60U 
tOU 
200u 
5u 
su 

C9901 
5u 
2ou 
5u 

C201 
su 

c4071 
5u 
0.2u 
2 ou 

C1101 
5u 
5u 

13301 
1 ou 
40U 
50U 

Clll 

CC’dh & 
Water- Laboratory  
Supe rv i s o r  



A Accu-Labs Research. Inc. 
I 

Il4S5 \V. 4Qth Avenue Li 'htat  Ridge. Colorado SO033 
(303) 423-2766 

June 26, 1986 
Page 1 o f  2 

Mr.  Mark Selman 
Roy F. Heston 
938 Quail Street  
Denver, CO 80215 

RE: 9299-21833-18 
Date Samples Rec'd 4-29-86 
Project 2029-13-03 

REPORT OF ANALYSIS 

A L R  Designation 9299-2 1833-18-1 
Sponsor Designation So la r  Pond 

2070-A3 
North Northwest 

Corner 
4-29-86 

Determination: pg/L 

A 1  umi num, total  
Antimony, total  
Arsenic, total  ' -  

Barium, total  
Beryllium, total  . 
Cadmium, total  
Cal ci um, total  
Chromi um, to ta l  
Cobalt, total  
Copper, total  
Iron, total  
Lead, total  
Magnesium, total  
Manganese, total  
Mercury, total  
Nickel, total  
Potassium, total  
Sel eni um, to ta l  
Silver, total 
Sodium, total  

T i n ,  total  
Vanadium, total  
Zinc, total  
Phenol s 

Thal1 i U m ,  to ta l  

2oou 
60U 
1ou 
2oou 
5u 
5u 
198000 
5u 
20u 

C141 
C901 

SU 
72600 
15 
0.2u 
50 
56100 
9 
su 
451000 
1ou 
400U 
sou 
22 -_ 

929 9 -2 18 3 3- 18 -3 929 9 -2 18 3 3- 18 -8 
Solar Pond S o l a r  Pond 
2078-A5 2078-05 

North Northwest North Central 
Corner 4-29-86 
4-29-86 



Accu-Labs Research, Inc. 

June 26,  1986 
Page 2 of 2 

Mr. Mark Selman 
Roy F. Weston 

RE: 9299-21833-18 
Date Samples Rec 'd  4-29-86 
Project  2029-13-03 

ALR Des ignat ion 
Sponsor Des ignat ion  

Determination: pg/L 

A1  uminum, tota l  
Antimony, tota l  
A r sen ic ,  tota l  
Barium, tota l  
Bery l  1 i um, tota l  
Cadmium, tota l  
Cal c i  urn, tota l  
Chromium, to ta l  - 

Cobalt ,  tota l  
Copper, to ta l  
I r o n ,  tota l  
Lead, to ta l  
Magnesium, to ta l  
Hanganese, to ta l  
Mercury, tota l  
N i cke l ,  tota l  
Potassium, to ta l  
Selenium, to ta l  
S i l v e r ,  tota l  
Sodium, to ta l  
Thal 1 i um, tota 
T in ,  tota l  
Vanadium, to ta  
Z i nc ,  tota l  
Phenols  

CC'dh & 

REPORT OF ANALYS I S  

9299-2 1833-18-12 

207B-CS 

4-29-86 

S o l a r  Pond 

North (Nor theas t )  

9299-2 18 3 3- 18 -1 6 

2073-05 

4-29-86 

So l a r  Pond 

F i e l d  Blank 

Supervi s o r  



Accu-Labs Research, Inc .  
113S.i iV. 4S1h r4LJenue lt 'ticai Ridge. Colorado So003 
(303) 423-2766 

May 30, 1936 
Page 1 o f  3 

Xr. Mark Selman 
Roy F. Weston 
938 Quail S t ree t  
Denver, CO 80215 

RE: 9299-21741-27 
Date Samples Rec 'd  4-15-86 
P ro jec t  2029-1 3-0 3 

REPORT OF ANALYSIS 

ALR Des ignat ion  9299-21741-27-1 9249-21741-27-4 9299-21741-27-7 
Sponsor Des ignat ion  153 (BZ) 1C3 (BZ) 283 (EZ) 

Composite 1 Composite 1 Composite 2 
0-6 " depth 6- 12" depth 0-6" depth 

Determi nat ion  : mg/ kg , 
dry  wt. 

A1 umi num, to ta l  
Antimony,. tota l  
A r sen ic ,  to ta l  ' 

Barium, tota l  
Bery l  1 i urn, t o t  a1 
Cadmium, tota l  
Cal c i  urn, tota l  
Chromium, tota l  
Cobal t, tota l  
Copper, tota l  
I r o n ,  to ta l  
Lead, to ta l  
Magnesium, to ta l  
Manganese, tota l  
Mercury, tota l  
N i c ke l ,  to ta l  
Potassium, total 
Selenium, to ta l  
S i l v e r ,  to ta l  
Sodium, to ta l  
Thal 1 i urn, to ta l  
T i n ,  t o ta l  
Vanadium, to ta l  
Z i n c ,  to ta l  
Phenol s 

8190 
38 U 
6.3U 
126U 
3.2U 
3.2U 

[ 16601 
11 
13U 

K6.91 
9080 
3 1  

[ 12401 
27 4 
0.1u 

[ I31 
[ 13901 
3.2U 
3.2U 
63U 
6.3U 
25U 
3 2U 
33 
0.3U 

8640 
37 u 
1OF 
123U 
3.1U 
3.1U 

c 11001 
10 

c221 
C6.61 

12400 
19 

[ 10301 
29 3 
0.1u 

1161 c 11001 
3.1u 
3.1u 
6 2U 
6.2U 
25u 
38 
23 
0.5 

6540 
38 U 
7 .O 
128u 
3.2U 
3.2U 

[ 13201 
9.0 

c121 
ca.41 
9610 
29 

C9971 
247 
0.1u 
13U 

[ 12601 
3.2U 
3.2U 
6 4U 
6.4U 
26 U 
3 2U 
29 
0.3U 



Accu-Labs Research, Inc. 

May 30, 1986 
?age 2 o f  3 

Mr. Mark Selman 
Roy F. Weston 

RE: 9299-21741-27 
Date Samples Rec 'd 4-15-86 
Project  2029-1 3-03 

REPORT OF ANALYSIS 

ALR Designation 9299-2 174 1-27-10 9299-2 174 1-27-1 3 9299-2 1741-27-16 
Sponsor Des ignat ion  2C3 (BZ) 353 (BZ) 3C3 (BZ) 

Composi te 2 Composite 3 Composite 3 
6 - 1 2 " d e p t h 0- 6 " d e D t i7 6- 12 " depth 

-a 

Determination: mg/kg, 
d ry  wt. 

A1  umi num, total  
Antimony, total  
A r sen ic ,  total  
Barium, total  
Beryl  1 ium, to ta l  
Cadmium, total  
Calcium, total  , 

Chromium, to ta l  
Cobal t , total  
Copper, total  
I r o n ,  total  
Lead, total  
Magnesium, total  
Manganese, to ta l  
Mercury, total  
N i cke l ,  total  
Potassium, to ta l  
Selenium, to ta l  
Si1 ver,  total  
Sodium, to ta l  
Thal 1 i urn, to ta l  
T i n ,  to ta l  
Vanadium, to ta l  
Z i nc ,  to ta l  
Phenols  

7640 
37 u 
6.1U 
122U 
3.0U 
3.0U 

C 14401 
9.6 
12u 

C9.11 
10200 
16 

C10601 
196 
0.1u 

E171 
C 12501 

3.0U 
3.0U 
61U 
6.1U 
24U 
30U 
30 
0.2u 

6740 
38 U 
6.4 
128u 
3.2U 
3.2U 

C 14001 
5.7 
13U 

18.33 
9580 
17 

C9 761 
2 15 
0.1u 

C131 
C 11901 

3.2U 
3.2U 

[681 
6.4U 
26U 
3 2U 
25 
0.3U 

7200 
38 U 
6.3U 
125U 
3.1U 
3.lU 

[ 10201 
5.6 
25 

L9.91 
10900 
15 

C8831 
28 5 
0.lU 
13U 

C9511 
3.1U 
3.lU 
6 3U 
6.3U 
25U 
3 1U 
20 
0.3U 



Accu-Labs Research, Inc. 

ivay 30,  1986 
Page 3 o f -  3 

Yr. M a r k  Selrnan 
goy F. Weston 

2E: 9299-21741-27 
3ate Samples Rec ' d  4-15-86 
Pro jec t  2029-13-03 

REPORT OF ANALYSIS 

ALR Des ignat ion  9299-2 17  4 1-27-19 9299-2 17 4 1-27 -2 2 
Sponsor  Des ign  a t  i on 1 ~ 3  ( a z )  1E3 (BZ) 

Surface Scraoe 0-6" Core 
Composite 1 Composite 1 

g e t e m i n a t i o n :  rng/kg, 
d ry  wt. 

A 1  urni num, tota l  
Antirnony, to ta l  
A r sen i c ,  to ta l  
Barium. to ta l  
~ e r y 1 1  i um, to ta l  
Cadmi urn, t o t  a1 
Calcium, to ta l  , . 

Chromium. to ta l  
Cobalt ,  to ta l  
Copper, to ta l  
I r o n ,  t o ta l  
Lead, to ta l  
Magnesium, to ta l  
Manganese, t o ta l  
Mercury. to ta l  
N i c k e l ,  to ta l  
Potass ium, to ta l  
Selenium, to ta l  
S i  1 ver  , to ta l  
Sodium, to ta l  
Thal 1 i um, to ta l  
T i n ,  t o ta l  
Vanadium, to ta l  
Z i n c ,  t o ta l  
Pheno l s  

8330 
4 1U 
9.2 
137U 
3.4u 
3.4u 

C 20601 
11 

C131 
[111 

10800 
61  

C13901 
29 5 
0.1u 
20 

C18401 
3.4u 
3.4u 
68U 
6.8U 
27 U 
34u 
50 
0.3U 

7390 
38 U 
6.7 
127U 
3.2U 
3.2U 

[ 12601 

13U 
C6.31 
92 40 
32 

C 10901 
28 9 
0.1u 
13U 

C 13301 
3.2U 
3.2U 
6 3U 
6.3U 
25U 
3 2U 
28 
0.5 

8.6 

929 9-2 17 4 I- 27 -2 5 
1F3 (BZ) 

Ccmposite 1 
6-12" C o r e  

7010 
37 u 
6.1  
122u 
3 .OU 
3.0U 

C10701 
11 
1 zu 

C7.31 
11300 
15 

C9221 
240 
0.1u 
12u 

C 12001 
3.0U 
3 .OU 
61U 
6.1U 
24U 
30U 
26 
0.2u 



Accu-Labs Research, Inc .  
1 I4S5 \V 4Sih  Avenue t5’hrai Ridge. Colorado SO033 
(307)  423-2766 

May 30 ,  1986 
?age 1 o f  i 

Mr. Rark Selman 
Roy F. Weston 
938 Qua i l  S t ree t  
Denver, CO 80215 

RE: 9299-21732-9 
Date Samples Rec‘d 4-14-86 
Project 2029-13-03 

REPORT OF ANALYSTS 

ALR Designation 9299-2 1732-9-1 9299r2 1732-9-4 
Sponsor Designation 1A3 (82) 2A3 (BZ) 

Composite 1 Composite 2 
Surface Scrape Surface Scrape 

!le term i na t i on : mg/ k g , 
dry wt. 

A1 umi num, total 
Antimony, total 
A r sen ic ,  total 
Barium, total 
Beryl 1 ium, total  
Cadmium, total 
Cal c i  urn, total  
Chromi um, total 
Cobal t, total 
Copper, total  
I r o n ,  total 
Lead, total  
Magnesium, total  
Manganese, total  
Mercury, total 
N i cke l ,  total 
Potassium, to ta l  
Selenium, total  
S i l v e r ,  total  
Sodium, total  
Thal 1 i um, total  
Tfn, total  
Vanadium, total  
Zinc, total  
Phenols  

CC’dh &J a 

8770 
40U 
6.7U 
133U 
3.3u 
3.3u 

I: 18401 
10 
13U 

c9.61 
11000 
38 

C 13601 
272 
0.lU 
13U 

c17001 
3.3u 
3.3u 
67U 
6.7U 
27 U 
33u 
4 1  
0.3U 

9140 
4 1U 
6.8 
135U 
3.4u 
3.4u 

I: 19301 
10 
14U 

c9.73 
11400 
48 

c 14901 
3 37 
0.1u 

C131 
C 18 601 
3.4u 
3.4u 

(2173 
6.8U 
27 U 
34u 
49 
0.3U 

9299-21732-9-7 
3A3 (BZ) 

Ca-nposite 3 
Surface Scrape 

9050 
4 1U 
6.8U 
135U 
3.4u 
3.4u 

C 19601 
13 
14U 

ClOI 
12 300 
42 

c 13501 
28 6 
0.1u 
14U 

c 17 501 
3.4u 
3.4u 

C 1401 
6.8U 
27 U 
34u 
44 
0.3U 

deu-<Pec. I,, C t  
a t b  Cairns \ 

project Manage7 



Accu-Labs Research, Inc .  
1 14S.5 i$'. 4Sth tlvcnue \ V h t a r  Ridge. Color.ido h()O~{,? 
(303) 423-2766 

June 2, 1986 
Page 1 of 1 

M r .  Mark Selman 
Roy F. Weston 
938 Quail S t reet  
Denver, CO 80215 

RE: 9299-21745-9 
Date Samples Rec 'd 4-16-86 
Project 2029-13-03 

REPORT OF ANALYSIS 

ALR Designation 9299-21745-9-1 9299-2 1745-9-4 9299-2 1745-9-7 
Sponsor Designation 20 3 2E3 2F3 

Composite 2 Composite 2 Composite 2 
West Spray Field West Spray F i e l d  West Spray F i e l d  

Surface Scrape 0-6 " d e D t h 6 - 1 2 I' d e D t h 

Determination: mg/kg, 
dry wt. 

A 1  umi num, total 
Antimony, total 
Arsenic,  total ' 

Barium, total  
Beryl 1 i um, total  
Cadmium, total 
Cal c i  um, to ta l  
Chromi um, total  
Cobalt, total  
Copper, total 
I r o n ,  total 
Lead, total  
Magnesium, total  
Manganese, total  
Mercury, total 
N i cke l ,  total 
Potassium, total  
Selenium, total 
S i l v e r ,  total 
Sodium, total  
Thal 1 i um, total  
T in ,  total  
Vanadturn, total  
Z inc ,  total 
Phenol s 

CC'dh & 

7570 
42U 
8.3 
139 U 
3.5u 
3.5u 

c 22401 
10 
14U 
[Ill 

10400 
63 

[ 13401 
3 37 
0.1u 
14U 

C17501 
3.5u 
3.5u 
69 U 
6.9U 
28 U 
35u 
52 
0.3U 

8750 

6.4U 
128u 
3.2U 
3.2U 

9.4 
13U 

c111 
12500 
29 

I: 12401 
3 26 
0.1u 
13U 

[ 15901 
3.2U 
3.2U 
6 4U 
6.4U 
26 U 
3 2U 
36 
0.3U 

38 u 

c 13101 

8920 

6.3U 
127U 
3.2U 
3.2U 

C12801 
6.8 
13U 

C9.21 
9960 
23 

Cl1501 
235 
0.1u 
13U 

38 u 

[: 14901 
3.2U 
3.2U 
68 
6.3U 
2% 
3 2U 
29 
0.3U 



Accu-Labs Research, Inc. 
11485 it’ 4Sth ALcnur \{‘heat Ridge. Colorado $0033 0 LA (303)  423-2766 

June 11, 1986 
Page 1 o f  2 

M r .  Mark Selman 
Roy F. Weston 
938 Quail S t reet  
Denver, CO 80215 

RE: 9299-21823-20 
Date Samples Rec’d 4-28-86 
Project 2023-13-03 

REPORT OF ANALYSIS 

ALR Designation 
Sponsor Designation 

Determi nat ion : pg/L 

A1 umi num, total 
Antimony, total 
Arsenic , total 
Barium, total 
Beryl l ium, total  ‘ 

Cadmium, total 
Calcium, total 
Chromi urn, total 
Cobalt, total 
Copper, total 
I r o n ,  total 
Lead, total 
Magnesium, total  
Manganese, to ta l  
Mercury, total 
Nickel , total 
Potassium, total  
Sel eni  urn, total  
S i l v e r ,  total 
Sodi um, total 
Thallium, to ta l  
Tin,  total  
Vanadi urn, total  
Z inc ,  total  
Phenols, total  

9299-2 1823-20-3 9259-2 1823-20-5 9299-2 1823-20-9 
LB3 ( I T P H )  L35 ( I T P H J  LC3 ( I T P H I  
Sample B Sample B Sample C 

2oou 
60U 
1ou 
200u 
5u 
5u 
308000 

C9 1 
20u 
5u 
2ou 
5u 
76800 

C121 
0.5 
20u 
73700 
1 1  
12 
451000 
1ou 
400U 
SOU 
24 -- 

2oou 
6 OU 
1 ou 
220 
5u 
5u 
319000 

C7  1 
20u 
5u 
20u 
5u 
77400 

C131 
0.4 
2ou 
71500 
12 
10 
462000 
1ou 
400U 
5 OU 
30 -- 



Accu-Labs Research. Inc .  

d u n e  11, 1986 
?age  2 of 2 

W. ;.lark Selrnan 
Roy F. ‘Aeston 

R E  : 9299-2 1823-20 
Date Samples Rec‘d 4-28-86 
P r o j e c t  2023-13-03 

R E P O R T  OF ANALYSIS 

A L R  Des igna t ion  
Sponsor Des igna t ion  

9299-2 1823-20-1 1 
LC5 (ITPH) 
Sarnole C 

929 9 -2 i a  2 3-2 0- 1 5 
LO3 WLC 

D i s t i l l e d  Water 

Determi n a t i o n :  pg/L 

A1 umi  num , t o t  a1 
Antimony, t o t a l  
A r s e n i c ,  t o t a l  
Barium, t o t a l  
Beryl 1 i u m ,  t o t a l  
Cadmium, t o t a l  
Cal ci um, t o t a l  
Chromium, t o t a l  . ~ 

C o b a l t ,  t o t a r  
Copper ,  t o t a l  
I r o n ,  t o t a l  
Lead,  t o t a l  
Magnesium, t o t a l  
Manganese, t o t a l  
Mercury, t o t a l  
Nickel, t o t a l  
Po ta s s ium,  t o t a l  
Se len ium,  t o t a l  
S i1  ver, t o t a l  
Sodium, total  
Thal 1 i urn, t o t a l  
T i n ,  t o t a l  
Vanadi um, to ta l  
Z i n c ,  to ta l  
Phenols, to ta l  

CC’dh& 

2oou 
6 OU 
1ou 
2oou 
5u 
5u 

c2201 
5u 
2 ou 
su 

C801 
5u 

C661 
5u 
0.2u 
20u 

C 2201 
su 
su 

E4401 
1ou 
4 OU 
5 ou 
58 -- 

929 9-2 18 2 3-2 0- 17  
LO5 HPLC 

Di s t i  11 ed Water 

. h r . \es t c v  2& cc. 
i 

Water Laboratory 
Supervisor 



A Accu-Labs Research. Inc .  

July 2 1 ,  1985 
Page 1 o f  1 

Mr. Mark Selman 
Roy F. 'rleston 
938 Qua i l  S t r e e t  
Cenver. CO 80215 

RE : 9299-2 1884-5 
Da te  Samples Rec 'd  5-7-86 
P ro jec t  No. 2029-13-03-01 

REPORT OF ANALYSIS 

ALR Des ignat ion  9 29 9 -2 18 8.4 - 6 - 2 '* 9299-2 1884-6-4 
Sponsor Des i gna t  i o n 207A-86 207A-86 

So l a r  Pond 207A S o l a r  Pond 207A 

R e a c t i v i t y ,  mg/L: 
Cy an i  d e 
S u l f i d e  

19 * 

9.9 Co t ro s i  v i  ty-pH -- 
>loo -- I g n i t a b i l i t y ,  'C e - 

-- Total Cyanide, mg/,L 9.4 

<0.01 Hexavalent Chromium, mg/L -- 
*Not analyzed due to i n s u f f i c i e n t  sample. 

MAH/dh d b  
RCRA Anal ys i  s 

._-.- 

*.-- --- 



Ju ly  21, 1986 
?age 1 of 1 

M r .  Mark Selman 
Roy F. Xeston 
938 Quail S t r e e t  
Denver, CO 80215 

RE: 9299-21856-6 
gate Samples Rec ' d  5-1-86 
Project  No. 2029-13-03-01 

REPORT OF ANALYSIS 
-* 

ALR Des ignat ion  9299-21856-6-2 
Sponsor De s i gna t i on  207A-A4 

S o l a r  Pond 207A 
Northwest 

Reac t i v i t y ,  mg/L: 
Cyanide 
S u l f i d e  

C o r r o s i v i  ty-pH 

I g n i t a b i l i t y ,  'C 

Total Cyanide, mg/L 11 

Hexavalent Chromium, mg/L -- 

9299-2 1856-6-4 
207A-A6 

Sola r  Pond 207,: 
North we s t 

** 

9.8 

<0.01 

*Not analyzed due to i n s u f f i c i e n t  sample. 
**Not cal cui ated due to i nterferences.  

MAH/dh 

& 
S o i l  s and Overburden c/ 
Supervi s o r  



Accu-Labs Research, Inc .  
I I4S5 \c' 4Sth :\\enuc \\'heat Ridqc. Colnrado $003.3 
(303) 423-1766 

J u l y  23. 1986 
Page 1 o f  1 

M r .  Mark Selrnan 
2oy F. Sieston 
938 Quail S t r e e t  
Denver, CO 80215 

2E: 9299-21943-1 1 
Date Samples Rec 'd:  5-15-86 
P ro jec t  No. 2029-13-03 

REPORT OF A N A L Y S U  

ALR Des ignat ion  9299-21943-11-2 9299-21943-11-4 9299-21943-11-9 
Sponsor Des ignat ion  207 A-C4 207A-C6 207 A-06 

Determinat ion:  mg/L 

R e a c t i v i t y :  

Cy an i de -- 
S u l f i d e  -- 

C o r r o s i v i  ty-pH -- 
I g n i  t a b i l  i t y ,  'C -- 
Total Cyanide 17 

Hexavalent Chromium -- 
*Not analyzed due to i n s u f f i c i e n t  sample. 

* 
* 

9.8 

>loo 

- 0.02 

* 
< 10 

6.6 

>loo 

<0.01 

-u . -  

MAH/dh & 4 - - -  - . . . . . .. . - . 



Mr. Mark Selman 
Roy F. Weston 
938 Q u a i l  S t ree t  
Denver, CO 80215 

RE: 9299-21907-6 
Date  Samples Rec’d 5-12-86 
P r o j e c t  No. 2029-13-03-01 

R E P O R T  OF ANALYSIS 

A L R  Des igna t ion  9299-2 1907-6-2 
Sponsor Des igna t ion  207A-SC4 

S o l a r  Pond 207A 
SW Corner 

Sediment C-Comoosi t e  

R C R A  EP Toxici  t y ,  rng/L: 

Arsenic 
Bari urn 
Cadrni urn 
Chromi urn 
Lead 
Mercury 
Sel  eni urn 
Si 1 ver 

R e a c t i v i t y ,  pg/g: 
Cyanide 
Sul f i d e  

C o r r o s i  v i  ty-pH -- 
Ign i  t a b i l  i t y ,  ‘C -- 
Hexavalent Chromium,  mg/L -- 
Tota l  Cyanide,  vg/g 6.5 

*Not c a l c u l a t e d  due t o  i n t e r f e r e n c e s .  

MAHf dh 

9299-2 1907-6-4 
207A-SC6 

Sola r  Pond 2 0 7 A  
SW Corner  

Sediment C-Composi t e  

0.04 

4.5 ’ 

0.86 
0.11 
0.001 

<0.005 
co.02 

co.2 

6.3 * 

3.0 
>loo 
0.01 -- 

RCRA Ana lys i s  v 
&- 
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1. INTRODUCTION 

CEARP Phase 2 Confirmation consists o f  CEARP Phase 2a, Monitoring Plan, 
and CEARP Phase 2b, Site Characterization (Remedial Investigation). This Health 
and Safety Plan is one component o f  the Monitoring Plan for Rocky Flats Plant. The 
Monitoring Plan consists o f  five parts: Synopsis, Sampling Plan, Technical Data Man- 
agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control Plan. 

Because o f  the Compliance Agreement made by the State of Colorado, Environmental 
Protection Agency, and Department o f  Energy (DOE), this Monitoring Plan also in- 
cludes a Feasibility Study Plan. The Synopsis provides a discussion of the current 

situation and serves as an introduction to the other plans. 

CEARP uses a three-tiered approach in the preparation o f  monitoring plans: 

the CEARP Generic Monitoring Plan (CGMP), the Installation Generic Monitoring 
Plan (IGMP), and the Site-Specific Monitoring Plans (SSMps). This IGMP is the Com- 
prehensive Source and Plume Characterization Plan required by the compliance 
agreement. Therefore, the acronym used to refer to this plan is IGMP/CSPCP. 

This IGMP/CSPCP Health and Safety Plan incorporates the specific safety 

practices and procedural review requirements for Rocky Flats Plant. 

The CGMP Health and Safety Plan provides generic guidance and establishes 

procedures for conducting site characterization (remedial investigation) activities un- 
der CEARP Phase 2. It outlines how the DOE-Albuquerque Operations Office will  

implement health and safety requirements under CEARP. Specifically, it provides 

generic guidelines and procedures that will be employed by Rocky Flats Plant and 

Los Alamos National Laboratory during CEARP Phase 2b site characterization 
(remedial investigation) activities to protect the health and safety of personnel in- 
volved in CEARP. Thus, the CGMP Health and Safety Plan becomes the foundation 

for the Rocky Flats Plant IGMP/CSPCP Health and Safety Plan and is incorporated, 
as appropriate, by reference. 

ROCKY FLATS PLANT ICMP/CSPCP D n R  Fcbruw 1987 (Revirion 1) B&S Plan Section 1, page 1 



2. POLICY AND STANDARDS 

It is DOE'S policy that its operations shall be conducted in a manner that will  

( I )  limit risks to the health and safety o f  the public and employees, and (2) ade- 
quately protect property and the environment. As outlined in the CGMP Health and 
Safety Plan, DOE has responsibility for health, safety, and environmental protection 

programs at DOE-owned contractor-operated facilities. Consistent with this responsi- 
bility, this Health and Safety Plan includes the current health and safety policy and 
standards in ef fect  at Rocky Flats Plant. It also includes provisions to implement ex- 
ternal subcontractor policy and standards when the latter are determined to be more 

restrictive. 

2.1. POLICY 

The main tenet of  this IGMP/CSPCP Health and Safety Plan is to keep human 
exposure to toxic materials and radiation at  levels as low as reasonably achievable 

(ALARA). The ALARA review will demonstrate that all reasonable efforts have been 
made to minimize worker and public exposures to toxic and/or radioactive materials. 

Specific ALARA procedures will include engineering controls, administrative 

controls, and the use o f  personal protective equipment. The length of  time employees 
spend in areas with elevated levels o f  radioactive or toxic materials will be mini- 
mized. I f  conditions produce airborne contaminants, dust suppressant measures wil l  

be taken. General requirements for limiting exposurcs, and protective clothing and 

equipment necessary to protect personnel from contaminants are identified in the 

CGMP Health and Safety Plan and are specifically addressed in this IGMP/CSPCP 
Health and Safety Plan, Section 4.2. 

2.2. STANDARDS AND REGULATIONS 

The environmental, safety, and health protection requirements applicable to 

Rocky Flats Plant operations are set forth in DOE and WE-Albuquerque Operations 

- Off ice  Orders. These orders require compliance with applicable Federal, State of 
Colorado, or local standards. This Rocky Flats Plant IGMP/CSPCP Health and Safety 
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Plan is based on these DOE Orders, Federal regulations, and other professional stan- 
dirds  specified in Section 2 of the CGMP Health and Safety Plan. 0 

Permits issued by Rocky Ftats will be obtained as required for all land use ac- 
tivities (e.g., drilling, boring, samples, and entry), following the current health and 
safety policy and standards in effect at Rocky Flats Plant. 
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3. HEALTH AND SAFETY RESPONSIBILITIES 

The line organizations conducting CEARP Phase 2b Site Characterizations 

(Remedial Investigations) are responsible for providing adequate precautions and pro- 
tection to ensure the health and safety of employees and the public. The simplified 
organizational chart for health and safety at Rocky Flats Plant is presented in Figure 

3.1. 

3.1. GENERAL RESPONSIBILITIES 

For site characterization (remedial investigation) activities conducted at  Rocky 
Flats Plant, the Rockwell International CEARP Manager establishes requirements 
following guidelines specified in this IGMP/CSPCP Health and Safety Plan that are 
consistent with current health and safety requirements. The Subcontractor Site Man- 
ager is responsible for  ensuring the health and safety of field team personnel during 

CEARP Phase 2b site characterization (remedial investigation) activities. The 

Subcontractor Site Health and Safety Coordinator provides guidance to the Subcon- 
tractor Site Manager regarding potential health hazards during characterization activ- 
ities. The Subcontractor Site Health and Safety Coordinator has the authority to ter- 
minate field activities at specific sites i f  unsafe conditions develop. 

3.2. INSTALLATION REQUIREMENTS 

Primary health and safety responsibility at Rocky Flats Plant rests with Rock- 

well International Health, Safety and Environment Department Director. Representa- 

tives o f  the Rockwell International Health, Safety, and Environment Department, un-  
der direction of the Rockwell International CEARP Manager, will review and concur 

wi th  the SSMP Health and Safety Plans prior to commencement of site characteriza- 
tions (remedial investigations). The Rockwell International Health, Safety, and Envi- 

ronment Department will also provide guidance to the Subcontractor Project Manager 

for establishing health and safety requirements 
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33. SPECIFIC RESPONSIBILITIES 

Specific responsibilities assigned to the functional health and safety organiza- 
tion for the Rocky Flats Plant CEARP Phase 2b site characterizations (remedial in- 
vestigations) are provided in  the following sections. 

33.1. k! 

Because the site characterizations (remedial investigations) will be conducted 
by Rockwell International, Los Alamos National Laboratory does not have responsibil- 
i ty f o r  implementing Health and Safety Plans 

The  Rockwell International CEARP Manger shall 

- ensure that the Rocky Flats Plant SSMP Health and Safety Plans are 
prepared, reviewed, and concurred with by the appropriate individu- 
als within DOE-Albuquerque Operations Off ice  and Rocky Flats 
Plant; 

- concur in the selection o f  the Subcontractor Site Manager and Sub- 
contractor Site Health and Safety Coordinator; 

- ensure that personnel involved with CEARP Phase 2b site character- 
izations (remedial investigations) comply with the IGMP/CSPCP 
Health and Safety Plans; 

- require periodic health and safety audits (at least once during each 
stage of  sampling), review Health and Safety Audit Reports, and re- 
quire responses to Health and Safety Audit Report findings and rec- 
ommenda tions; 

- act on employee concerns in accordance with the procedures outlined 
in DOE Orders and take appropriate action to correct violations; 

- review and evaluate requests for variance from the Health and 
Safety plans; and 

- ensure that the proper reports required by DOE and DOE-Afbu- 
querque Operations O f f  ice orders are submitted, including accident 
investigation reports, as necessary. 
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The Subcontractor Project Manager shall 

- assign a Subcontractor Site Manager (Section 3.3.4) who will be re- 
sponsible for ensuring the health and safety o f  field team personnel 
during CEARP Phase 2b Site Characterization (Remedial Investiga- 
tion) activities; 

- assign a Subcontractor Site Health and Safety Coordinator (Section 
3-33) to ensure implementation of  the Rocky Flats Plant 
IGMP/CSPCP Health and Safety Plan and each SSMP Health and 
Safety Plan; and 

- read, concur, and comply with the Rocky Flats Plant IGLP/CSPCP 
Health and Safety Plan. 

3.3.4. Subcootrt(rtpt Site Mia- 

The Subcontractor Site Manager shall 

- submit requests for variance from the requirements of this plan to 
the Subcontractor - Project Manager and Rockwell International 
CEARP Manager, when appropriate; 

- assure that requirements specified in W E  and DOE-Albuquerque 
Operations Off ice  Orders 548<4.1 are recorded and reported for all 
employees; 

- ensure that personnel involved with CEARP Phase 2b site character- 
izations (remedial investigatilons) comply with the IGkP/CSPCP 
Health and Safety Plans; 

- monitor the performance of employees involved in site characteriza- 
tion (remedial investigation) activities to ensure compliance with 
health and safety requirements; 

- be familiar with emergency response procedures and notification re- 
quirements, and implement therm accordingly; and 

- terminate work activities i f  unsafe conditions develop or when di- 
rected to do so by the Subcontractor Site Health and Safety Coordi- 
nator. 

- 3.3.5. Subcontractor Site Hea Ith and Sai'etv Coo rdinitor 

A Subcontractor Site Health and Safety Coordinator will be designated by the 
Subcontractor Project Manager for each stage of the Phase 2b site characterization 
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(remedial investigation) activities. The Rockwell International CEARP Manager shall 
concur in the selection of the Subcontractor Site Health and Safety Coordlinator. The 
Subcontractor Site Health and Safety Coordinator is responsible for condlucting a re- 
view o f  the proposed activities prior to commencement of operations, evaluating po- 
tential hazards, and recording the appropriate information on a Work Location, Per- 
sonnel Protection, and Safety Evaluation Form (Appendix A). Activities that require 
special monitoring or certain personal protective equipment will be specified i n  the 
SSMP Health and Safety Plans. In addition to the duties outlined in Section 3.4 o f  
the CGMP Health and Safety Plan, specific responsibilities of the Subcontractor Site 
Health and Safety Coordinator include the following: 

- being present or having an acceptable alternate present when subcon- 
tractor work activities are being performed in areas requiring decon- 
tamination o f  personnel or equipment; 

- advising the Rockwell International CEARP Manager, and the Sub- 
contractor Site Manager of potential health and safety hazards 
during site chrracterization (remedial investigation) activities; 

- conduct special monitoring, if  necessary; 

- evaluate potential modifications to work plans and personal protec- 
tive equipment requirements to ensure employee safety; 

- ensure that site characterization (remedial investigation) team mem- 
bers have been trained in the appropriate safety procedures for the 
activities they will conduct, have current medical certification that 
they are physically fit  to perform required tasks; and have paxtici- 
pated in all required dosimetry or bioassay training programs; 

- contact the appropriate local emergency organizations (police, fire, 
ambulance, and hospital) to coordinate emergency response activities; 

- require that the Subcontractor Field Team Leader terminate work ac- 
tivities i f  unsafe conditions develop, or an imminent hazard is per- 
ceived: 

- prepare variances from the health and safety requirements i f  needed; 
and 

- carry out health and safety audits and prepare health and safety au- 
dit reports as required by this IGMP/CSPCP Health and Safety Plan. 
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3.4. AUDITS 

Health and safety audits will be conducted by the Subcontractor to ensure ad- 
equate implementation o f  the requirements o f  this IGMP/CSPCP Health and Safety 
Plan. Audits will be conducted by the Subcontractor Site Health and Safety Coordi- 
nator and documented in Health and Safety Audit Reports to be issued by the Sub- 
contractor Project Manager. The Los Alamos National Laboratory CEARP Team 
Leader and the Rockwell International CEARP Manager will receive $copies o f  these 
reports. Individuals responsible for  health and safety deficiencies notccd in the audit 
findings will provide written responses describing corrective actions that have been 
implemented to resolve the findings. 

The Rockwell International Health, Safety, and Environment Department may 
also conduct health and safety audits, separately or concurrently, with subcontractor 
audits. 

3.5. VARIANCES FROM HEALTH AND SAFETY REQUIREMENTS 

Where special conditions exist, a written request for a variance from a specific 

health and safety requirement may be submitted by the Subcontractor !Site Health and 
Safety Coordinator to the Subcontractor Project Manager. If  the Subcontractor Pro- 
ject  Manager agrees with the request, the request will be reviewed b:y the Rockwell 
International CEARP Manager and representatives o f  the Rockwell International 

Health, Safety, and Environment Department. The conditions o f  the request wil l  be 
evaluated and, if appropriate, a variance specifying the conditions under which the 
requirement may be modified will be granted in writing. A copy o f  t h e  variance wi l l  

be retained in the field during work activities in which it is invoked. 
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I DOE ROCKY FLATS [ AREA OFFICE 

SUBCONTRACTOR SUBCONTRACTOR SITE 
PROJECT r HULlH AND S A F E M  
MANAGER COOROHATOR 

c 

HEALTH. SAFETY, AND ENVIRONMENT 
DEPARTMENT 

SUBCONTRACTOR 
SKE MANAGER 

Figure 3.1. Simplified Health and Safety Organizational Chart for Rocky Flats Plant. 
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4. HAZARD ASSESSMENT AND PERSONNEL PROTECTION REQUIREMENTS 

The following section provides a description of  anticipated potential hazards 
anticipated at Rocky Flats Plant. The hazards description includes physical, chemi- 
cal, radiological and biological hazards, followed by general requirements for  limiting 
exposures, monitoring contaminant concentrations, and measuring emplioyee exposure. 

4.1. IDENTIFICATION OF POTENTIAL HAZARDS 

4.1.1. phvsicd Hatardl 

The following physical hazards are anticipated at Rocky Flats ]Plant. 

The body's physiological processes fai l  to maintain a normal body tem- 
perature because of excessive heat. A number o f  physical reactions can 
occur, ranging from mild to fatal. 

- Heat Rash, caused by continuous exposure to heat and humid air ag- 
gravated by chafing clothes. Decreases ability to tolerate heat and 
becomes a nuisance. 

- Heat Cramps, caused by profuse perspiration with inadequate fluid 
intake and chemical replacements (especially salts). Signs: muscle 
spasm and pain in  the extremities and abdomen. 

- Heat exhaustion, caused by increased stress on various organs to meet 
increased demands to cool the body. Signs: shallow breathing; pale, 
cool, moist skin; prof use sweating; dizziness and lassitude. 

- Heat stroke, the most severe form of heat stress. Body must be 
cooled immediately to prevent severe injury and/or death. Signs: 
red, hot, dry skin; no perspiration; nausea; dizziness and confusion; 
strong rapid pulse; coma. 

Wotk/Rtst Sc heduk 

When working in level B or C protective clothing, the following guideline for 
calculating the work/rest schedule shall be used. 
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Calculate the adjusted temperature, 

T(adjusted) = T(actua1) + (13 x sunshine fraction) 

100% sunshine = 
50% sunshine = 
0% sunshine = 

no cloud cover 
50% cloud cover 
full cloud cover 

= 1.0 
= 0.5 
= 0.0 

Adjusted Temperature Active Work Time (min./hr) 

75 or less 
80 
85 
90 
95 
100 

50 
40 
30 
20 
10 
0 

cold ExDosurC 

Persons working outdoors in temperatures at or below freezing can become 
frostbitten. Exposure to extreme cold for short time periods can cause slevere injury 
to the body surface or can result in profound generalized cooling, causing death. 
Body areas which have high surface-area-to-volume ratios (e.g., fingers, toes, and ears) 
a r t  the most susceptible. e ExDosure -Related Problem 

- Frost nip or incipient frostbite, characterized by sudden blanching or 
whitening o f  skin. 

- Superficial frost bite, which causes skin to become waxy or Iwhite 
and superficially firm, but resilient beneath. 

- Deep frostbite, characterized by cold, pale, solid skin tissues. 

- Systemic hypothermia, caused by exposure to freezing or rapidly 
dropping temperature. Symptoms are usually exhibited in five stages: 
1) shivering, 2) apathy, listlessness, sleepiness and (sometimes) rapid 
cooling of the body to Jess than 95OF, 3) unconsciousness, glassy 
stare, slow pulse and slow respiratory rate, 4) freezing of  thlc ex- 
tremities, and finally, 5) death. 

Caution will be used to prevent cold exposure by wearing properly insulated 
33 rmcnts beneath protective clothing and by taking frequent warm-up breaks. 
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When noise exceeds acceptable levels (limits specified in Department of Air 

Force Regulation 161-35 TLV't) administrative or engineering controls designed to re- 
duce exposures will be utilized. If these controls are not sufficient, approved ear pro- 
tection will be provided and its use mandated. Noise levels will be monitored when i t  

becomes necessary to speak loudly under normal working conditions 

Site characterizations (remedial investigations) at Rocky Flats Plant may re- 
quire the use o f  shovels, drill rigs, portable augers, and backhoes. Prior to any sur- 
face disturbance the required permit will be obtained from Rocky Flats Plant. Heavy 
equipment will be operated according to OSHA recommendations and requirements. 

- Only qualified and licensed personnel shall be allowed to operate 
this equipment. 

- Heavy equipment shall be operated and maintained in conformance 
with established standards and inspected prior to use, as directed by 
Federal, State or OSHA regulations. 

- Overhead electrical power lines shall be considered energized unless 
Rocky Fiats Plant Utilities Manager has verified decnergization. 

- While in use, drilling rigs shall maintain the following miniimum dis- 
tances from overhead power lines: 10 f t  for 50 kv, 20 f t  for 345 kv,  
and 34 f t  for  750 kv. 

In transit, with the boom or derrick lowered, the closest approach to 
a powerline shall be 4 f t  for 50 kv,  10 f t  for 50-345 kv, and 16 ft for 
345-750 kv. 

Flammable and/o r Combustible Materials 

Several sites requiring Characterization could contain flammablc or com- 

bustible materials. The SSMP Health and Safety PIans will contain detailed informa- 
tion on the likelihood of  encountering combustible materials and specific health and 
safety requirements for these areas. 
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4.1.2. wn Ch 

Known chemical hazards at Rocky Flats Plant include possible inhalation, in- 
gestion, or dermal absorption of organic compounds, solvents, or othcr toxic materials. 
Specific properties of  known chemical contaminants are provided in1 Appendix A. If 
it is determined that additional chemicals are present at Rocky Flats Plant, Appendix 
A will be amended. Levels or concentrations of these hazardous mamrialt can be es- 
timated from groundwater sampling results. 

4.1.3. Known Radio I O d C d  HItrrds 

Radionuclides are expected to be present at Rocky Flats Plaat. The specific 
properties of the known radionuclides, including type o f  emission, hailf-life, maximum 
allowable concentrations, and body burdens arc provided in Appendix A. The spe- 
cif ic properties o f  the known radionuclides including type of emission, half-life, max- 
imum allowable concentrations, and body burdens are provided in Appendix A. 

There are three principal pathways by which individuals could be exposed to 
radioactivity during site characterizations (remedial investigations). These are (1)  in- 
halation or ingestion, (2) dermal absorption, and (3) exposure to direct radiation from 
contaminated materials (see 4.2. for  personnel protection requirementa). 

4 - 1 4  Bioloeical Hazards 

Certain biological hazards are anticipated at Rocky Flats Plant: 

- insects, including ticks and mosquitoes; 
- snakes of poisonous and nonpoisonous species; and 
- rodents, including mice and rats. 

If a worker is bitten by a rodent or snake, the Subcontractor Site Health and 
Safety Coordinator will be immediately notified. The Rocky Flats Plant installation 
medical center shall be contacted and appropriate medical care given. 
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4.2. PERSONNEL PROTECTION REQUIREMENTS 

4.2.1. Ptotut ioa  Le 

As stated in the CGMP Health and Safety Plan, the US. Environmental Protec- 
tion Agency (EPA) has established four levels o f  protection for personnel entering po- 
tentially hazardous sites. The work at Rocky Flats Plant is anticipated to be con- 
ducted in levels B, C, and D protection based upon known hazards. The SSMP Health 
and Safety Plan will define zones o f  contamination and identify which levels of pro- 
tection will be required for each zone. All personnel entering a zone will be required 
to wear the attire designated for  that zone. 

4.2.2. protccti re 

As stated in the CGMP Health and Safety Plan, a variety of safety equipment 
will be used to protect personnel from safety hazards and minimize exposures to haz- 
ardous chemicals and radionuclides during Rocky Flats Plant site characterizations 
(remedial investigations). Portable monitors and meters will  be used to determine ex- 
posures and measure air concentrations of radiological and chemical contaminants. 
The safety equipment used will include photoionization and organic vapor analyzers, 
air samplers, radiation survey meters, explosive gas concentration meters, detector 
tubes, and thermoluminescent dosimeters. This safety equipment is fully described in 
the CGMP Health and Safety Plan. The SSMP Health and Safety Plans will outline 
specific equipment to be used, and action levels to be taken for each type o f  mea- 
surement. 

Cooling vests and warming equipment w i l l  be available to minimize stress from 
climatic conditions. As outlined in the CGMP Health and Safety Plan, emergency 
equipment including fire extinguishers, f i r s t  aid kits, blankets, and ciye wash kits wil l  

be available for emergency treatment. 

4.2.3. Gcnctd Safety P rrctfccs I nd Mit tnrr ioo  Meisu res 

As stated in the CGMP Health and Safety Plan, some hazards can be mini- 

mized through the implementation of  specific procedures, use o f  slpecial equipment, 
training o f  personnel, or availability of  cmergcncy response equipment in the event o f  
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3n accident. The general requirements listed in the CGMP Halth  and Safety Plan 

will be observed during all Rocky Flats Plant site characterizations (remedial investi- 
gations). 

Work that may involve resuspension o f  contaminants into the air will be sus- 
pended when the wind speed exceeds 15 miles per hour. 

Morning meet ing for all personnel involved in sampling will  be held daily. 

These meetings will be used to express health and safety concerns related to the day’s 
activities. Standard safe working practices, described in Section 4 of the CGMP 

Health and Safety Plan, will be followed. Appendix A provides 8 list o f  potential 
chemical and hazards radiological and their respective method o f  detection and 
Threshold Limit Value (TLV). A detailed description of  hazards rnd hazardous mate- 
rials which could be encountered at each site will be provided in each SlSMP Health 
and Safety Plan. The SSMP Health and Safety Plans will also provide site-specific 
safety practices and mitigative measures. 

4 3 .  SITE ACCESS CONTROL 

0 43.1. Bcstrictcd Access Z o n a  

As stated in the CGMP Health and Safety Plan, control zones will be estab- 
lished prior to commencement o f  work at contaminated sites to protect employees and 
the general public from unnecessary exposure to toxic materials and/or radiation. and 
to prevent inadvertent spread o f  contamination. The control (exclusion) zones will be 
designated in each SSMP Health and Safety Plan based on the nature, mag,nitude, and 
extent o f  contamination, and the potential for contaminant migration. Decontamina- 
tion is required for personnel, equipment, and vehicles moving from an exclusion 
zone to a clean zone. 

The decontamination o f  equipment and personnel will be conducted in steps 
starting at exclusion zones, proceeding through contamination reduction zones, and 
ending at  clean zones. The size and number of contamination reduction zones will be 
determined on a site-specific basis and will be provided in each SSMP Health and 
Safety Plan. Exclusion criteria, protection requirements, contact person., and other 
relevant information will be posted at  the access station of each exclusion zone. 

ROCKY FLATS PLANT IGMPICSPCP D& Fcbruuy 1987 (&virion 1) RLS PI- Section 4. p w  6 



4.3.2. DccoatimiDitiaa 

At Rocky Flats Plant, decontamination will follow the general procedures de- 
scribed i n  Section 4 o f  the CGMP Health and Safety Plan. Each SSMP Health and 
Safety Plan will clearly define decontamination procedures for specific contaminants 
o f  concern. 

Decontamina tion solutions used will be selected according to contaminants en- 
countered on a site-specific basis. Radionuclides anticipated at Rocky Flats Plant can 
be removed from personnel and equipment using dilute soap and water solutions. Or- 
ganic compounds and solvents will require use o f  slightly stronger detergents for  ef -  
fective removal. Following decontamination, verification measurements will be made 
to ensure that contaminants have been removed to safe levels. For articles or person- 
nel contaminated by low energy beta emitters, swipe-samples will be collected and an- 
alyzed using liquid scintillation detectors. For alpha and high energy beta emitters, a 
survey meter will be used to evaluate decontamination. Following this "frisking," 
swipes will be collected and analyzed using a gross alpha/beta counting meter. 

4.4. WORKER TRAINING 

As described in the CGMP Health and Safety Plan, health and safety training 
will be conducted and documented for  all members of site characterization (remedial 
investigation) field teams. The level o f  training for each team will be commensurate 
with job functions and potential hazards in work areas and comply with the RCRA 
part B Operating Permit Application, Section H. This will be in addition to comple- 
tion of any surcontractor basic health and safety training, or the equivalent, that 
must be approved prior to site assignment. At least two field members of each field 
team will be required to have current certification in American Red Cross Multi-Me- 
dia First Aid and Cardio Pulmonary Resuscitation (or the equivalent). In addition, 
training for all field team members will meet right-to-know requirements and wil l  

follow the outline in Appendix A, which includes 

- radiological safety. - hazard identification and recognition, - potential health effects and symptoms of  exposure. - protective equipment requirements and proper use. 
- decontamination procedures, 
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- controlled 'area restrictions, and - emergency response requirements. 

4 5 .  EMPLOYEE MEDICAL PROGRAM 

As stated in the CGMP Health and Safety Plan, site characterization (remedial 

investigation), subcontractor field team members shall participate in an employee 

medical examination program. Their suitability for conducting field sampling ac- 
tivities (including possible respirator use) will be evaluated and documented by a 

physician. Medical programs must comply with requirements o f  DOE Order 5480.1A 

Chapter VIII. 

4.6. RECORDS AND REPORTING REQUIREMENTS 

Subcontractors will maintain health and safety records and submit reports, as 
required by DOE Orders, to the Subcontractor CEARP Project Manager. These will 

include the following: 

- DOE Form 5484.3 Supplementary Record of  Occupational Injuries 
and Illnesses 

- DOE Form 5484.4 Tabulation of Property Damage Experience 

- DOE Form 5485.5 Report of Property Damage or Loss 

- DOE Form 5484.6 Annual Summary o f  Whole Body Exposures to Ion- 
izing Radiation 

- DOE Form 5484.7 Summary of Exposures Resulting i n  Internal Body 
Depositions o f  Radioactive Materials for CY 

- DOE Form 5484.8 Termination Occupational Exposure Report 

- DOE Form OSHA-200 Log of Occupational Injuries and Illness 

- DOE Form EV-102A Summary of  Department of Energy and De- 
partment of Energy Contractor Occupational Injuries and Illnesses 

- DOE Form 5821.1 Unplanned Releases Form. 

- The  Subcontractor Project Manager will distribute copies of  the reports to Los 

Alamos National Laboratory, the DOE-Albuquerque Operations Office, and the 
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Rockwell International Health and Safety Department, as appropriate. Specific re- 

porting responsibilities are given in the following subsection. 

4.6.1. -e and W~QC.,& 

Subcontractors will maintain confidential medical records for each field team 
member as indicated by the employee medical program. These records will identify 
individuals by name, date of birth, social security number, and additional identifiers 
as desired by the subcontractor. The employee's accident record and history o f  expo- 
sures and/or possible exposures to hazardous physical, chemical, or biological agents 
will be included with the medical records. 

The Subcontractor Site Health and Safety Coordinator will prepare, and submit 
to the Subcontractor Project Manager and the Rockwell International CEARP Man- 
ager, radiation exposure reports as required in DOE Order 5484.1. Form 5484.8, 
"Termination Occupational Exposure Report,' wi l l  be completed for  any employee in- 
cluded in a radiation monitoring program upon termination o f  employment. Forms 
5484.7, 'Summary o f  Exposures Resulting in Internal Body Depositions o f  Radioactive 
Materials for  CY 19XX,' and 5484.6, 'Annual Summary of Whole Body Exposures to 

Ionizing Radiation,' will be submitted annually by March 31 for monitored employ- 
ees. These reporting requirements are currently under revision by DOE, and the Sub- 
contractor Site Health and Safety Coordinator shall comply with the new require- 
ments when they become final. 

4.6.2. Accident/Incident ReDorts 

The Subcontractor Site Health and Safety Coordinator will notify the Subcon- 
tractor Project Manager and the Rockwell International CEARP Manager o f  any acci- 
dents or incidents that occur during site characterizations (remedial investigations) at 
Rocky Flats Plant. The Subcontractor Site Health and Safety Coordinator will also 
submit a completed DOE Form F 5484.X for any of the following incidents. 

(1) "Recordable' occupational injuries or illnesses are defined below: 

OCCUPATIONAL INJURY is any injury such as a cut, fracture, 
sprain, or amputation that results -from 
exposure involving a single incident 
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NOTE: Conditions resulting from animal or insect bit- or one-time 
exposure to chemicals, are considered to be injuries. 

OCCUPATIONAL ILLNESS o f  an employee is any abnormal condi- 
tion or disorder, other than one resulting from an occupational in- 
jury, caused by exposure to environmental factors associated with 
employment. It includes acute and chronic illnesses or diseases which 
may be caused by inhalation, absorption, ingestion, or direct contact 
with a toxic material. 

PROPERTY DAMAGE LOSSES o f  $1,000 or more are reported as 
follows: accidents which cause damage to DOE property, regardless 
o f  fault, or accidents wherein DOE may be liable for damage to a 
second party, a r t  reportable i f  damage is S1,000 or more. Include 
damage to facilities, inventories, equipment, and properly parked mo- 
tor vehicles. Exclude damage resulting from a W E  reportable vehi- 
cle  accident. 

GOVERNMENT MOTOR VEHICLE ACCIDENTS resulting in dam- 
ages of $250 or more, or involving an injury, are reported unless the 
Government vehicle is not at fault, damage of less than $250 is sm- 
taincd by the Government vehicle, and no injury is inflicted on the 
Government vehicle occupants. Accidents are also reportable to DOE 
if 

- damage to a Government vehicle, not properly parked, is greater 
than or equal to $250; 

- damage to DOE property is greater than or equal to $250 and the 
driver o f  a Government vehicle is at faulq 

- damage to any private property or vehicle is greater than or equal 
to $250 and the driver of a Government vehicle is at fault; and 

- any person is injured and the driver of a Government vehicle is at 
fault. 

4.7. EMPLOYEE INFORMATION 

The  Subcontractor Site Health and Safety Coordinator shall ensure that the 
following DOE forms are posted where field team members can easily read them: 

- Form F 5480.2 Occupational Safety and Health Protection, 

- Form F 5480.4 Occupational Safety and Health Complaint Form. 

Also, the Rocky Flats Plant Health and Safety Standard concerning employee 
right-to-know shall be provided in each SSMP and appropriately posted. 
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5. EMERGENCY RESPONSE AND NOTIFICATION 

This section provides guidelines for  responses to emergency situations. 

5.1. EMERGENCY CONTACTS 

Names o f  persons to contact in case of emergencies will be provided in the 
format found in Figure 5.1. This emergency contact form will be copied and posted 
in prominent locations at  the work sites. Additional contacts are given in the Safety 

Evaluation Form (Appendix A). 

5.2. CONTINGENCY PLANS 

Field team leaders, with assistance from the Subcontractor Site Health and 
Safety Coordinator, shall have responsibility and authority for coordinating all emer- 

gency response activities until proper authorities arrive and assume control. A copy 
o f  these plans shall be available at the work site at all times, and al l  personnel work- 

ing on the site shall be familiar with the plans. Evacuation plans and routes shall be 
on a job-specific basis, and all personnel shall be familiar with them. 

5.2.1. Ffre/ExDfQ1Lfpp 

Any fire emergency will be handled by immediately notifying the fire depart- 
ment. Only i f  the fire appears to be small and easily extinguishable wil l  personnel 

attempt control with fire extinguishers available in the work area. Otherwise, irnme- 

diate evacuation o f  the area is indicated. 

I f  combustible gas/oxygen meters show explosive gas or oxygen concentrations 

approaching 25% o f  the lower explosive limits, all personnel will be evacuated and 
the f i r e  department will be notified. In the event o f  an explosion, all personnel shall 

be evacuated and no one shall re-enter the area until it has been cleared by explosives 

safety personnel. 
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5.2.2. Personnel 1- 

In case of  injuries to personnel, first aid treatment will be initiated immedi- 
ately by trained personnel. In case of  serious injuries, the victim will be transported 
to the Rocky Flats Plant medical center as soon as possible. Minor injuries may be 

treated onsite, but all injuries will be examined by trained medical personnel. Vic- 
tims o f  serious bites or stings will be taken to the Rocky Flats Plant medical center. 
In the event that an injured Person is contaminated with chemicals or radionuclides, 
the person shall be taken as soon as possible to the Rocky Flats Plant medical center. 
Decontamination shall be performed to prevent further exposure only i f  it will not 
aggravate the injury. Treatment o f  life threatening or serious injuries will always be 
considered first. 

5.2.3. ,kcidental Releases of -r to the En v i r o a m  

In case o f  releases of radionuclides to the environment (such as a spill o f  sam- 
ples being transported for analysis), emergency response shall be in accordance with 
Rocky Flats Plant procedures. The Subcontractor Site Manager or Field Team Leader 
shall notify the Rockwell International CEARP Manager of such an event. 

5.3. NOTIFICATION REQUIREMENTS 

Reporting and notification o f  emergency situations shall be carried out in ac- 
cordance with requirements in DOE Order 5484.1. The Field Team Leader shall no- 
tify the Subcontractor Site Manager. The Subcontractor Site Manager will notify ap- 
propriate emergency assistance personnel (e& fire, police, ambulance at ext. 29 1 1). 

and the Rockwell International CEARP Manager. The responsibility of the Subcon- 
tractor Site Health and Safety Coordinator for Rocky Flats Plant is to implement no- 
tification and reporting requirements of DOE Order 5484.1. 
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0 Site Health 

Name : 

and Safety Coordinator-- 

Call: 

Installation Health and Safety Officer-- 

Name: Call : 

24-Hour Installation Health/Safety Coordinator- 

Call: 

FIRE-- Call: 

AMBUtANCE-- Call: 

POISON CENTER-- 

SECURITY-- Call: 

POLICE-- Call: 

YOU ARE LOCATED AT: 

0 THE NEAREST TELEPHONE IS LOCATED AT: 

THE NEAREST EMERGENCY MEDICAL SERVICES ARE LOCATED AT: 

Figure 5.1. Emergency Contacts 
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6. ENVIRONMENTAL MONITORING 

Environmental impacts from CEARP site characterizations (remedial investiga- 
tions) are expected to be negligible. Additional sampling to supplement Rocky Flats 
Plant routine monitoring activities is not considered necessary. Monitoring of air 
quality for personnel protection will provide data to re-evaluate the need for envi- 
ronmental monitoring. Additional guidance and detail regarding monitoring during 
site characterizations (remedial investigations) will be provided in SSMP Sampling 
Plans. 
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